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one o^i^re words. The width of the token is changeable and 
can be selected as any number of bits. An extension bit 
indicates whether a token is extended beyond the current 
word, i.e., if it is set to binary one in all words of a 
5 token, except the last word of a token. If the first word of 
a token has an extension bit of zero, this indicates that the 
token is only one word long. 

Each token is identified by an address field that starts 
at bit 7 of the first word of the token. The address field 

10 is variable in length and can potentially extend over 
multiple words. In a preferred embodiment, the address is no 
longer than 3 bits long. However, this is not a limitation 
on the invention, but on the magnitude of the processing 
steps elected to be accomplished by use of these tokens. It 

15 is to be noted under the extension bit identification label 
that the extension bit in words 1 and 2 is a 1, signifying 
that additional words will be coming thereafter. The 
extension bit in word 3 is a zero, therefore indicating the 
end of that token. 

20 The token is also capable of variable bit length. For 

example, there are 9 bits in the token word plus the 
extension bit for a total of 10 bits. In the design of the 
present invention, output buses are of variable width. The 
output from the Spatial Decoder is 9 bits wide, or 10 bits 

2 5 wide when the extension bit is included. In a preferred 
embodiment, the only token that takes advantage of these 
extra bits is the DATA token; all other tokens ignore this 
extra bit. It should be understood that this is not a 
limitation, but only an implementation. 

20 Through the use of the DATA token and control token 

configuration, it is possible to vary the length of the data 
being carried by these DATA tokens in the sense of the number 
of bits in one word. For example, it has been discussed that 
data bits in word of a DATA Token can be combined with the 
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data £its in another word of the same DATA taken to form an 
11 bit or 10 bit address for use in accessing the random 
access memories used throughout this serial decompression 
processor. This provides an additional degree of variability 
5 that facilitates a broad range of versatility. 

As previously described, the DATA token carries data 
from one processing stage to the next. Consequently, the 
characteristics of this token change as it passes through the 
decoder. For example, at the input to the Spatial Decoder, 

10 DATA Tokens carry bit serial coded video data packed into 3 
bit words. Here, there is no limit to the length of each 
token. However, to illustrate the versatility of this aspect 
of the invention (at the output of the Spatial Decoder 
circuit) , each DATA Token carries exactly 64 words and each 

15 word is 9 bits wide. More specifically, the standard 
encoding signal allows for different length messages to 
encode different intensities and details of pictures. The 
first picture of a group normally carries the longest number 
of data bits because it needs to provide the most information 

20 to the processing unit so that it can start the decompression 
with as much information as possible. Words which follow 
later are typically shorter in length because they contain 
the difference signals comparing the first word with 
reference to the second position on the scan information 

25 field. 

The words are interspersed with each other, as required 
by the standard encoding system, so that variable amounts of 
data are provided into the input of the Spatial Decoder. 
However, after the Spatial Decoder has functioned, the 
Z0 information is provided at its output at a picture format 
rate" suitable for display on a screen. The output rate in 
terns of time of the spatial decoder may vary in order to 
interface with various display systems throughout the world, 
such as vVTSC, PAL and SECAM. The video formatter converts 
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this variable picture rate to a constant picture rate 
suitable for display. However, the picture data is still 
carried by DATA tokens consisting of 64 words. 

XI. DRAM INTERFACE 

5 A single high performance, configurable DRAM interface 

is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 

10 drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the Video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 
In accordance with the present invention, the interface is 

15 configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2 . The width of the data interface to the DRAM can 
20 be configured to provide a cost /performance trade 

off for different applications. 
In general, the DRAM interface is a standard-independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 

25 video formatter. Referring again to Figures 11, 12 and 13, 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. On each chip, the DRAM interface 

3 0 connects the chip to an external DRAM. External DRAM is used 
because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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Fu£thermore, while the DRAM interface is compression 
standard-independent, it still must be configured to 
implement each of the multiple standards, H.261, JPEG and 
MPEG . How the DRAM interface is reconfigured for multi- 
5 standard operation will be subsequently further described 
herein . 

Accordingly, to understand the operation of the DRAM 
interface requires an understanding of the relationship 
between the DRAM interface and the address generator, and how 

10 the two communicate using the two wire interface. 

In general, as its name implies, the address generator 
generates the addresses the DRAM interface needs in order to 
address the DRAM (e.g., to read from or to write to a 
particular address in DRAM) . With a two-wire interface, 

15 reading and writing only occurs when the DRAM interface has 
both data (from preceding stages in the pipeline), and a 
valid address (from address generator). The use of a 
separate address generator simplifies the construction of 
both the address generator and the DRAM interface, as 

20 discussed further below. 

In the present invention, the DRAM interface can operate 
from a clock which is asynchronous to both the address 
generator and to the clocks of the stages through which data 
is passed. Special techniques have been used to handle this 

2 5 asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 

20 buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which carries 
an address from an address generator is associated with eacn 
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swing buffer. 

In the present invention, each of the chips has four swing 
buffers, but the function of these swing buffers is different 
in each case. In the spatial decoder, one swing buffer is 
5 used to transfer coded data to the DRAM, another to read 
coded data from the DRAM, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM, In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM, 

10 the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data. In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 

15 (Y) and the red and blue color difference data (Cr and Cb r 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially, this is the same as 

2 0 the operation of the Spatial Decoder's DRAM interface. The 

operation is illustrated in Figure 23. 

Figure 23 illustrates that the control interfaces 
between the address generator 301, the DRAM interface 302, 
and the remaining stages of the chip which pass data are all 
25 two wire interfaces. The address generator 301 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder). The 
DRAM interface treats the two wire interfaces associated with 

3 0 the address generator 3 01 in a special way. Instead of 

keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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request /acknowledge (REQ/ACK) protocol . 

A unique feature of the DRAM interface 302 is its 
ability to communicate independently with the address 
generator 301 and with the stages that provide or accept the 
5 data • For example , the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24), but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the write swing 

10 buffer may contain a block of data which is ready to be 
written to the external DRAM, but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 301. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 

15 completely filled and "swung" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 3 02 
of the present invention, it is important to note that in a 

2 0 properly configured system, the DRAM interface will be able 

to transfer data between the swing buffers and the external 
DRAM 3 03 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM interface 3 02 determines which swing buffer it 
25 will service next. In general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn) , 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others). In both cases, an 

3 0 additional request will come from a refresh request generator 

which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 
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diagram of a vrite swing buffer. The write swing buffer 
interface includes two blocks of RAM, RAMI 311 and RAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
5 the write address 313 and control 314. From RAMI 311 and 
RAM2 312, the data is written into DRAM 515* When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein. In 

10 operation, valid data is presented at the input 316 (data 
in) . Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 

15 of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 

2 0 asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 . Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 

2 5 or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buffer to be read, the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
315. A signal is then sent back across the asynchronous 

30 interface, to indicate that RAMI 311 is now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be - 
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acceded by the swing buffer continually. Otherwise, when 
RAM 2 is filled, the swing buffer will set its accept single 
low until RAMI has been "swung" back for use by the input 
side . 

5 The operation of a read swing buffer, in accordance with 

the present invention, is similar, but with the input and 
output data busses reversed. 

The DRAM interface of the present invention is designed 
to maximize the available memory bandwidth. Each 8x8 block 

0 of data is stored in the same DRAM page. In this way, full 
use can be made of DRAM fast page access modes, where one row 
address is supplied followed by many column addresses. In 
particular, row addresses are supplied by the address 
generator, while column addresses are supplied by the DRAM 

5 interface, as discussed further below. 

In addition, the facility is provided to allow the data 
bus to the external DRAM to be 8, 16 or 32 bits wide. 
Accordingly, the amount of DRAM used can be matched to the 
size and bandwidth requirements of the particular 

0 application. 

In this example (which is exactly how the DRAM interface 
on the Spatial Decoder works) the address generator provides 
the DRAM interface with block addresses for each of the read 
and write swing buffers. This address is used as the row 

5 address for the DRAM. The six bits of column address are 
supplied by the DRAM interface itself, and these bits are 
also used as the address for the swing buffer RAM. The data 
bus to the swing buffers is 32 bits wide. Hence, if the bus 
width to the external DRAM is less than 32 bits, two or four 

0 external DRAM accesses must be made before the next word is 
read from a write swing buffer or the next word is written to 
a read swing buffer (read and write refer to the direction of 
transfer relative to the external DRAM) . 

The situation is more complex in the case of the 
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Temporal Decoder and the Video Formatter. The Temporal 
Decoder's addressing is more complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
5 multiple video output standard aspects, as discussed further 
in the sections relating to the video formatter. 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and write decoded intra 
and predicted (I and P) picture data. These operate as 

10 described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y. Thus, the block of data to be 

15 retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figure 25, where the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 

2 0 being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 

2 5 address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 

30 immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of (1,1), as illustrated by the 
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shaded area in Figure 26, The address generator makes four 
requests, labelled A through D in the Figure. The problem to 
be solved is how to provide the required sequence of row 
addresses quickly. The solution is to use "start/ stop n 
5 technology, and this is described below. 

Consider block A in Figure 26. Reading must start at 
position (1,1) and end at position (7,7). Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 

10 the three LSBs of the address, the y value the three MSB, 
The x and y start values are both 1, providing the address, 
9. Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value, at which point, the y value is 

15 incremented by 1 and the x start value is reloaded, giving an 
address of 17, As each byte of data is read, the x value is 
again incremented until it reaches its stop value. The 
process is repeated until both x and y values have reached 
their stop values. Thus, the address sequence of 9 , 10, 11, 

20 12, 13, 14, 15, 17..., 23, 25, ...,31, 33, 57 63 

is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 

25 The next issue is where this data should be written. 

Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address l in the 
swing buffer, and so on. Similarly, the data read from 

3 0 address 8 in block B should be written to address 15 in the 
swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer address register is loaded with the inverse of the 
stop value. The y inverse stop value forms the 3 MSBs and 
the x inverse stop value forms the 3 LSB • In this case, 
while the DRAM interface is reading address 9 in the external 
5 DRAM, the swing buffer address is zero. The swing buffer 
address register is then incremented as the external DRAM 
address register is incremented, as consistent with proper 
prediction addressing. 

The discussion so far has centered on an 8 bit DRAM 

10 interface. In the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 3 2 bit 
boundary. In the example we have been using, for block A, 
the first DRAM read will point to address 0, and data in 

15 addresses 0 through 3 will be read. Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half -pel interpolation, 9 

2 0 bytes in x and/ or y must be read from the DRAM interface. In 

this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 
25 The final. point to note about the Temporal Decoder DRAM 

interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

3 0 a "last byte" signal indicating the last byte of a 

transfer (of 64,72 or 81 bytes); 
an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in x ^nd y) ; and 

a two bit number to indicate the order of the blocks. 

The last byte flag can be generated as the data is read 
out of the swing buffer. The other signals are derived from 
5 the address generator and are piped through the DRAM 
interface so that they are associated with the correct block 
of data as it is read out of the swing buffer by the 
prediction filter block. 

In the Video Formatter, data is written into the 
10 external DRAM in blocks, but is read out in raster order. 
Writing is exactly the same as already described for the 
Spatial Decoder, but reading is a little more complex. 

The data in the Video Formatter, external DRAM is 
organized so that at least 8 blocks of data fit into a single 
15 page. These 8 blocks are 3 consecutive horizontal blocks. 
When rasterizmg, 3 bytes need to be read out of each of 3 
consecutive blocks and written into the swing buffer (i.e., 
the same row in each of the 8 blocks) . 

Considering the top row (and assuming a byte-wide 
20 interface) , the x address (the three LSBS) is set to zero, as 
is the y address (3 MSBS) . The x address is then incremented 
as each of the first 3 bytes are read out. At this point, 
the top part of the address (bit 6 and above - LSB = bit 0) 
is incremented and the x address (3 LSBS) is reset to zero. 
2 5 This process is repeated until 64 bytes have been read. With 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively, 
instead of by one. 

In the present invention, the address generator can 
20 signal to the DRAM interface that less than 64 bytes should 
be read (this may be required at the beginning or end of a 
raster line), although a multiple of 3 bytes is always read. 
This is achieved by using start and stop values. The start 
value is used for the top part of the address (bit 6 ar.z 
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above) , and the stop value is compared with the start value 
to generate the signal which indicates when reading should 
stop. 

The DRAM interface timing block in the present invention 
5 uses timing chains to place the edges of the DRAM signals to 
a precision of a quarter of the system clock period . Two 
quadrature clocks from the phase locked loop are used- These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel, on opposite 
10 phases of the 2x clock. 

First of all, there is one chain for the page start 
cycle and another for the read/write/refresh cycles. The 
length of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
15 length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
The pulse travels along the chains and is directed by the 
state information from the DRAM interface. The pulse 
2 0 generates the DRAM interface clock. Each DRAM interface 
clock period corresponds to one cycle of the DRAM, 
consequently, as the DRAM cycles have different lengths, the 
DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 

2 5 from the above chains with the information from the DRAM 

interface to generate the output strobes and enables such as 
notcas, notras, notwe, notbe. 

12. PREDICTION FILTERS 

Referring again to Figures 12, 17, 18, and more 

3 0 particularly to Figure 12", there is shown a block diagram of 

the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 
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detail in Figure 17. The essence of the structure of the 
prediction filter is shown in Figures 18 and 28. A detailed 
description of the operation of the prediction filter can be 
found in the section, "More Detailed Description of the 
5 Invention." 

In general, the prediction filter in accordance with the 
present invention, is used in the MPEG and H.261 modes, but 
not in the JPEG mode. Recall that in the JPEG mode, the 
Temporal Decoder just passes the data through to the Video 

10 Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Figure 18, in the MPEG mode the forward and backward 
prediction filters are identical and they filter the 
respective MPEG forward and backward prediction blocks. In 

15 the H.2 61 mode, however, only the forward prediction filter 
is used, since H.261 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
Figures 18 and 28 and more particularly to Figure 28, there 

2 0 is shown a block diagram of the structure of a prediction 
filter. Each prediction filter consists of four stages in 
series. Data enters the format stage 331 and is placed in a 
format that can be readily filtered. In the next stage 332 
an I-D prediction is performed on the X-coordinate . After 

2 5 the necessary transposition is performed by a dimension 
buffer stage 333, an I-D prediction is performed on the Y- 
coordinate in stage 334. How the stage perform the filtering 
is further described in greater detail subsequently. Which 
filtering operations are required, are defined by the 

30 compression standard. In the case of H.261, the actual 
filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconf igurable to perform either MPEG or H.261 filtering, or 
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to perform no filtering at all in JPEG mode. As with many 
other reconf igurable aspects of the three chip system, the 
prediction filter is reconfigured by means of tokens. Tokens 
are also used to inform the address generator of the 
5 particular mode of operation. In this way, the address 
generator can supply the prediction filter with the addresses 
of the needed data, which varies significantly between MPEG 
and JPEG. 

13. ACCESSING REGISTERS 

10 Most registers in the microprocessor interface (MPI) can 

only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 

15 of registers associated with that particular access 

register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, "zero, until it is stopped. 

20 Any user software associated with the MPI and used to 

perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 

25 zero, the results are undefined. 

14. MICRO-PROCESSOR INTERFACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 
3 0 various Spatial and Temporal Decoder clocks. Referring to 
Table A. 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 
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are used on this interface. The character of the signal is 
shown on the input/ output column, the signal name is shown 
on the signal name column and a description of the function 
of the signal is shown in the description column. The MPI 
5 electrical specification are shown with reference to Table 
A. 6,2. All the specifications are classified according to 
type and there types are shown in the column entitled 
symbol. The description of what these symbols represent is 
shown in the parameter column. The actual specifications 

10 are shown in the respective columns min, max and units. 

The DC operating conditions can be seen with reference 
to Table A. 6. 3. Here the column headings are the same as 
with reference to Table A. 6 • 2 . The DC electrical 
characteristics are shown with reference to Table A. 6.4 and 

15 carry the same column headings as depicted in Tables A. 6. 2 
and A . 6 . 3 . 

15. MPI READ TIMING 

The AC characteristics of the MPI read timing diagrams 
are shown with reference to Figure 54. Each line of the 

2 0 Figure is labelled with a corresponding signal name and the 
timing is given in nano-seconds. The full microprocessor 
interface read timing characteristics are shown with 
reference to Table A. 6. 5. The column entitled Number is 
used to indicate the signal corresponding to the name of 

2 5 that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 

30 signals. 

16. MPI WRITE TIMING 

The general description of the MPI write timing diagrams 
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are shown with reference to Figure 54. This Figure shows 
each individual signal name as associated with the MPI 
write timing. The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
5 reference to Table 6*6. 

17. KEYHOLE ADDRESS LOCATIONS 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
keyhole registers. A keyhole register has two registers 

10 associated with it. The first register is a keyhole 

address register and the second register is a keyhole data 
register. The keyhole address specifies a location within 
a extended address space. A read or a write operation to a 
keyhole data register accesses the locations specified by 

15 the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
increments. Random access within the extended address 
space is only possible by writing in a new value to the 
keyhole address register for each access. A circuit within 

2 0 the present invention may have more than one keyhole memory 
maps. Nonetheless, there is no interaction between the 
different keyholes. 

18* PICTURE -END 

Referring again to Figure 11, there is shown a 

2 5 general block diagram of the Spatial Decoder used in the 

present invention. It is through the use of this block 
diagram that the function of PICTURE_END will be described. 
The PI CTURE_END function has the multi-standard advantage 
of being able to handle H.261 encoded picture information, 

3 0 MPEG and JPEG signals. 

As previously described, the system of Figure 11 
is interconnected by the two wire interface previously 
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described. Each of the functional blocks is arranged to 
operate according to the state machine configuration shown 
with reference to Figure 10* 

In general, the PICTURE_END function in accordance with 
5 the invention begins at the Start Code Detector which 
generates a PICTURE_END control token. The PICTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the write swing buffers in. the DRAM interface. 

10 Recall, that the contents of a swing buffer are only 

written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The P I CTURE — END 
token forces the data out of the swing buffer. 

15 Since the present invention is a multi-standard machine, 

the machine operates differently for each compression 
standard. More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 

2 0 the total available action cycles can be selected by a 

combination of control tokens and/or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. In this regard, the present 
invention is organized so as to delay the information from 

2 5 going into subsequent blocks until all of the information 

has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 

3 0 PICTURE_END signal causes the contents of the data buffers 

to be read and applied to the Huffman decoder and video 
demultiplexer circuit. 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 
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demultiplexer , the end of picture even though it has not 
had the typically expected full range and/or number of 
signals applied to the Huffman decoder and video 
demultiplexer circuit. In this situation, the information 
5 held in the coded data buffer is applied to the Huffman 
decoder and video demultiplexer as a total picture. In 
this way, the state machine of the Huffman decoder and 
video demultiplexor can still handle the data according to 
system design. 

10 Another advantage of the PICTL T RE_END control token is 

its ability to completely empty the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or in the swing buffers. 

Yet another advantage of the PICTUR£_END function is 

15 its use in error recovery. For example, assume the amount 
of data being held in the coded data buffer is less than is 
typically used for describing the spatial information with 
reference to a single picture. Accordingly, the last 
picture will be held in the data buffer until a full swing 

20 buffer, but, by definition, the buffer will never fill. At 
some point, the machine will determine that an error 
condition exits. Hence, to the extent that a PICTURE_END 
token is decoded and forces the data in the coded data 
buffers to be applied to the Huffman decoder and video 

2 5 demultiplexor, the final picture can be decoded and the 
information emptied from the buffers. Consequently, the 
machine will not go into error recovery mode and will 
successfully continue to process the coded data. 

A still further advantage of the use of a PICTl T RE_£ND 

30 token is that the serial pipeline processor will continue 

the processing of uninterrupted data. Through the use of a 
?ICTURE_END token, the serial pipeline processor is 
configured to handle less than the expected amount of data 
and, therefore, continues processing. Typically, a pricr 
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art machine would stop itself because of an error 
condition. As previously described, the coded data buffer 
counts macroblocks as they come into its storage area. in 
addition, the Huffman Decoder and Video Demultiplexer 
5 generally know the amount of information expected for 

decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 

10 from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTURE_END 
control token having reconfigured the Huffman Decoder and 
Video Demultiplexer, it can continue to function because 
the reconfiguration tells the Huffman Decoder and Video 

15 Demultiplexer that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE_END 
control token generated by the Start Code Detector. Under 

2 0 normal operations, the buffer registers fill up and are 
emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 

2 5 empty. The PICTURE_END control token is decoded in the 

Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexer either directly or 

3 0 through the DRAM interface. 



19. FLUSHING OPERATION 

Another advantage of the PICTURE_END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconfiguration of the state machine or in providing data 
for the system* Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
5 of the state machines recognizes a FLUSH control token as 
information not to be processed* Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Decoder and Video 

10 Demultiplexer. In this way, the FLUSH token is like 
padding for buffers* 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 

15 only on the data contents of the last picture buffer as it 
existed prior to the arrival of the PICTURE^ END token and 
FLUSH token* A further advantage of the use of the 
PICTURE^ END token alone or in combination with a FLUSH 
token is the reconfiguration and/or reorganization of the 

2 0 Huffman Decoder circuit. With the arrival of the 

P I CTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture* The Huffman decode circuit 
finishes processing the information contained in the last 

2 5 picture, and outputs this information through the DRAM 

interface into the Inverse Modeller* Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information. 

3 0 2$. FLUSH FUNCTION 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 
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of new data* More specifically, the present invention 
comprises a combination of a PICTURE_END token, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
5 picture form is completed. Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling. Note also that the FLUSH Token acts 
as a special reset for the system. The FLUSH token resets 
each stage as it passes through, but allows subsequent 
10 stages to continue processing. This prevents a loss of 

data. In other words, the FLUSH token is a variable reset, 
as opposed to, an absolute reset. 

21. STOP-AFTER PICTURE 

The STOP_AFTER_PICTURE function is employed to shut 
15 down the processing of the serial pipeline decompressing 
circuit at a logical point in its operation. At this 
point, a PICTURE_END token is generated indicating that 
data is finished coming in from the data input line, and 
the padding operation has been completed. The padding 
2 0 function fills partially empty DATA tokens. A FLUSH token 
is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 
25 and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
STOP_AFTER_PICTURE operation signals the end of all current 
processing. 



30 22. MULTI -STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a S EAR CH_MO D E control token which is used to reconfigure 
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the input to the serial pipeline processor to look at the 
incoming bit stream ♦ When the search mode is set, the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards . It 
5 will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose. Accordingly, 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
10 along with the reconfiguration circuits, to provide similar 
processing. 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 

15 data bit stream by purposely changing channels, e.g., data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. In general, a search mode is convenient when the 

20 user interrupts the normal processing of the serial 

pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the Start Code 
Detector looks- for incoming start images which are suitable 

25 for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

3 0 - The Start Code Detector can assume any one of a number 

of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the Start Code 
Detector to discard all its input and look for the 
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group_start standard image* When such an image is 
identified, the Start Code Detector generates a GROUP_START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
5 Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as well as, the CODING_STANDARD 
signals. The CODING_STANDARD signals are conveying 
information directly from the incoming bit stream as 

10 required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 
This mode of operation has been selected because it 

15 is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves. 

2 0 23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 
25 of zeros between the coefficients that are represented (a 
form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains the requisite 64 values. 

3 0 Thereafter, the values in the DATA Tokens are quantized 

coefficients which can be used by the Inverse Quantizer. 

24. INVERSE QUANTIZER 
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The Inverse Quantizer of the present invention is a 
required element in the decoding sequence , but has been 
implemented in such away to allow the entire IC set to 
handle multi-standard data. In addition, the Inverse 
Quantizer has been adapted for use with tokens. The 
Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 
decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information. 
In order for the information to be properly decoded, a 
value of 1024 is added to the decode number by the Inverse 
Quantizer before the data continues on to the IDCT. 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 
various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function" and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 
performed by the Inverse Quantizer are identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFKAH DECODER AND PARSER 

Referring again to Figures 11 and 27, the Spatial 
Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.261, require certain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. In the Spatial Decoder of the present 
invention, rather than design and fabricate three separate 
5 Huffman decoders, one for each standard, the present 

invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once. Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 

10 Huffman Decoder common to the other standards as well than 
would otherwise be the case. 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units shown in Figure 27. These 
other units are the Parser State Machine 322, the inshifter 

15 323, the Index to Data unit 324, the ALU 325, and the Token 
Formatter 326. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 

2 0 here is on particular aspects of the Huffman Decoder, in 

accordance with the present invention, that support multi- 
standard operation. 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 
25 operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 

3 0 word alongside the associated data is not only useful, it 

is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 327 that runs 
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beneath the data line 328 that connects the blocks. Among 
other things, this code word identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions • In particular, the Huffman Decoder 321 contains 
a state machine that can control certain functions of the 
Index to Data 324 and ALU 325, Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block-level information. Having the Parser State Machine 
322 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.261 (and 
substantially by MPEG) has the opposite polarity then the 
codes used by JPEG. The use of an inverter, thereby, 
allows substantially the same table to be used by the 
Huffman Decoder for all three standards. Other aspects of 
how the Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 324 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder, 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial Decoder. In particular, the dimensions of the 
picture are programmed into registers associated with the 
counters, which facilitates detection of "start of 
picture, " and start of macroblock codes. 
5 In accordance with the present invention, the Token 

Formatter 326 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 

10 data from a FIFO that buffers the data passing through the 
Start Code Detector. The data received by the inshifter is 
generally of two types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 

15 that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 
20 data is decoded in accordance with the first part of the 
multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number , 

The Huffman Decoder 321 also identifies certain data 
25 that requires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324. 

3 0 • This index number is then passed to the Index to Data 

unit 324. In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG. Generally, it is in the condensed data 




151 

format that JPEG specifies for transferring an alternate 
JPEG table. 

From the Index to Data unit 324, the decoded index 
number or other data is passed, together with the 
5 accompanying control word, to the ALU 325, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) . In the Token Formatter, 
the data is combined as needed with the control word to 
10 form tokens. The tokens are then conveyed to the next 

stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

26. INVERSE DISCRETE COSINE TRANSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
15 accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 
2 0 stored. The IDCT takes this quantized data and 
decompresses it back into frequency information. 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 

2 5 encode the data. However, in the present invention, 

significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

Using a particular scaling order, the symmetry between 

3 0 the upper and lower portions of the algorithms is 

increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry* 
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The^ IpCT responds to a number of mult i- standard tokens. 
The first portion of the IDCT checks the entering data to 
ensure that the DATA tokens are of the correct size for 
processing. In fact, the token stream can be corrected in 
5 some situations if the error is -not too large. 

27. BUFFER MANAGER 

The Buffer Manager of the present invention, receives 
incoming video information and supplies the address 
generators with information on the timing of the datas 

10 arrival, display and frame rate. Multiple buffers are used 
to allow changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance with the data that was encoded and the 
monitor on which the information is being displayed,, Data 

15 arrival rates will generally vary according to errors in 
encoding, decoding or the source material used to create 
the data. When information arrives at the Buffer Manager, 
it is decompressed. However, the data is in an order that 
is useful for the decompression circuits, but not for the 

20 particular display unit being used. When a block of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that the block of 
data can be placed in the order that the display device can 
use. In doing this, the Buffer Manager takes into account 

25 the frame rate conversion necessary to adjust the incoming 
data blocks so they are presentable on the particular 
display device being used. 

In the present invention, the Buffer Mnager primarily 
supplies information to the address generators. 

30 Nevertheless, it is also required to interface with other 

elements of the system. For example, there is an interface 
with an input FIFO which transfers tokens to the Buffer 
Manager which, in turn, passes these tokens on to the wr::e 
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addre££ generators . 

The Buffer Manager also interfaces with the display 
address generators, receiving information on whether the 
display device is ready to display new data. The Buffer 
5 Manager also confirms that the display address generators 
have cleared information from a buffer for display. 

The Buffer Manager of the present invention keeps track 
of whether a particular buffer is empty, full, ready for 
use or in use. It also keeps track of the presentation 

10 number associated with the particular data in each buffer. 
In this way, the Buffer Manager determines the states of 
the buffers, in part, by making only one buffer at a time 
ready for display. Once a buffer is displayed, the buffer 
is in a "vacant" state. When the Buffer Manager receives a 

15 PICTURE^ START , FLUSH, valid or access token, it determines 
the status of each buffer and its readiness to accept new 
data. For example, the P I CTURE__START token causes the 
Buffer Manager to cycle through each buffer to find one 
which is capable of accepting the new data. 

20 The Buffer Manager can also be configured to handle the 

multi-standard requirements dictated by the tokens it 
receives. For example, in the H.261 standard, data maybe 
skipped during display. If such a token arrives at the 
Buffer Mnager, the data to be skipped will be flushed from 

25 the buffer in which it is stored* 

Thus, by managing the buffers, data can be effectively 
displayed according to the compression standard used to 
encode the data, the rate at which the data is decoded and 
the particular type of display device being used. 
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The foregoing description is believed 1;o 
adequately describe the overall concepts, system 
implementation and operation of the various aspects of the 
invention in sufficient detail to enable one of ordinary 
5 skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
10 implementation of various embodiments of the invention, the 
following further description and explanation is preferred. 
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This is a more detailed description for a multi-standard 
video decoder chip-set. It is divided into three main 
sections: A, B and C. 

Again, for purposes of organization, clarity and 
5 convenience of explanation, this additional disclosure is 
set forth in the following sections, 

• Description of features common to chips in the 

chip-set: 



The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set . 

2 0 A. l.l Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
NAKES_OF_TOKENS 
wire_name active high signal 
2 5 wire_ name active low signal 
reg ist er_name 
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• Tokens 

•Two wire interfaces 
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• DRAM interface 
•Microprocessor interface 

• Clocks 

• Description of the Spatial Decoder chip 

• Description of the Temporal Decoder chip 



SECTION A.l 
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SECTION A.2 Video Decoder Family 

• 30 MHz operation 
-Decodes MPEG, JPEG & H.261 
•Coded data rates to 25 Mb/s 

5 -Video data rates to 21 MB/s 

•MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 

• Flexible chroma sampling formats 

■ Full JPEG baseline decoding 

* Glue-less page mode DRAM interface 
10 • 208 pin PQFP package 

* Independent coded data and decoder clocks 

■ Re-orders MPEG picture sequence 

The Video decoder family provides a low chip count 
solution for implementing high resolution digital video 
15 decoders. The chip-set is currently configurable to 

support three different video and picture coding systems: 
JPEG, MPEG and H.261. 

Full JPEG baseline picture decoding is supported. 
720 x 4S0, 30 Hz, 4:2:2 JPEG encoded video can be decoded 
20 in real-time. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
x 430, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
25 of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 

A.2.1 System configurations 
A.2. l.i Output formatting 

30 In each of the examples given below, some form of output 

formatter will be required to take the data presented at 
tne output of the Spatial Decoder or Temporal Decoder and 
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re-format it for a computer or display system. The details 
of this formatting will vary between applications. In a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chip 
5 and write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A. 2. 1.2 JPEG still picture decoding 

A single Spatial Decoder, with no-off-chip DRAM, can 

10 rapidly decode baseline JPEG images. The Spatial Decoder 
will support all features of baseline JPEG ♦ However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 

15 chroma sampling formats and color spaces that can be 
supported . 

A .2. 1.3 JPEG video decoding 

Adding off-chip DRAMs to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 

20 size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard decoder 
chip-set, it will merely pass the data through the Temporal 

25 Decoder without alteration or modification when the system 
is configured for JPEG operation. 
A. 2. 1.4 K.261 decoding 

The Spatial Decoder and the Temporal Decoder are both 
required to implement an H.261 video decoder. The DRAM 

30 interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 512k x 3) 
DRAM will be required by each of the Spatial Decoder and 
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the Temporal Decoder. 
A.2.1.5 MPEG decoding 

The configuration required for MPEG operation is the 
same as for H.261. However, as will be appreciated by one 
5 of ordinary skill in the art, larger DRAW buffers may be 
required to support the larger picture formats possible 
with MPEG. 
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SECTION A.3 Tokens 

A* 3 • 1 Token format 

In accordance with the present invention, tokens provide 
an extensible format for communicating information through 
5 the decoder chip-set. While in the present invention, each 
word of a Token is a minimum of 8 bits vide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width. Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
10 extension bit in each word* The formats for the tokens are 
summarized in Table A, 3.1. 

The extension bit indicates whether a Token continues 
into another word. It is set to 1 in all words of a Token 
except the last one. If the first word of a Token has an 
15 extension bit of 0, this indicates that the Token is only 
one word long. 

Each Token is identified by an Address Field that starts 
in bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
2 0 multiple words (in the current chips no address is more 

than 8 bits long, however, one of ordinary skill in the art 
will again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
2 5 (10 bits including the extension bit) . The only Token that 
takes advantage of these extra bits is the DATA Token. The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system. All other Tokens ignore the extra bits. 
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A.3.2 *THfe DATA Token 

The DATA Token carries data from one processing stage to 
the next. Consequently, the characteristics of this Token 
change as it passes through the decoder. Furthermore, the 
5 meaning of the data carried by the DATA Token varies 

depending on where the DATA Token is within the system, 
i.e., the data is position dependent. In this regard, the 
data may be either frequency domain or Pel domain data 
depending on where the DATA Token is within the Spatial 

10 Decoder. For example, at the input of the Spatial Decoder, 
DATA Tokens carry bit serial coded video data packed into 3 
bit words. At this point, there is no limit to the length 
of each Token. In contrast, however, at the output of the 
Spatial Decoder each DATA Token carries exactly 64 words 

15 and each word is 9 bits wide. 

A. 3. 3 Using ToKen formatted data 

In some applications, it may be necessary for the 
circuitry that connect directly to the input or output of 
the Decoder or chip set. In most cases it will be 

20 sufficient to collect DATA Tokens and to detect a few 

Tokens that provide synchronization information (such as 
PICTURE_START) . In this regard, see subsequent sections 
A* 16, "Connecting to the output of Spatial Decoder", and 
A. 19, "Connecting to the output of the Temporal Decoder". 

25 As discussed above, it is sufficient to observe activity 

on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 
the current token. In addition, the Address field can be 
tested to identify the Token. Unwanted or unrecognized 

30 Tokens can be consumed (and discarded) without knowledge of 
their content. However, a recognized token causes an 
appropriate action to occur. 
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Furthermore, the data input to the Spatial Decoder can 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10, "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
5 interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an a 1 ternative* to doing the configuration via the micro 
processor interface . 
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4 


3 


2 


1 


0 Token Name ' 


Rett! tret 






GUANT_SCALE 


= . ' ! o| 

I : 


1 


PREDfCT!0N_MODE 






'0. H ,| | | 




(reserved) 






i '^i 0 ! i I 




MVD_FOR WARDS 




-1 0| ,| 




MVD^BACKWAROS | 




[ o • 0 j 0 0 1 
! — 




QUANT^TASLE 




| o : o ! o 
I 


0 


0 1 




DATA 




« ■■ t i 0 | 0 


0 


0 




COMPONENT.NAME 




1; 1 0 


0 i 0 

) 


1 




DEF1NE.SAMPLING 


I 


I 


'j 1| o| o| i| oj | 


JPEG_TA8LE_SEL£CT 




1 j 1 | 0 


0 


1 


1 




MPEGJTABLE.SELECT 




I | 1 j 0 


1 


0 0 


TEMPORAL_R£FERENCE 




1 i 1 ! ° 


t 


0|lj 




MPEG_DCH_TABLE 


j 


: : i j Oj i 


1 


0 




(reserved) 


I 


i 
! 


i : <|o|i|i|. j 


(reserved) 




» *' 1 1 1 1 0 0 0 0 


(reserved) SAVE.STATE 




! 1! i| oj o o| i 


(reserved) R£STORE_STATE 




j I : 1 | t | 0 j 0 j 1 j 0 j 


TIME.CODE 




j «! i f 1 1 oj o| i| ij 


(reserved) 




; c . o j o j o j o j o | o o 


NULL 




j 3 ' O J O 0 0 0 0 1 


(reserved) 




! c j o o o o o | 1 o 


(reserved) 




io'ojojojo 0 j 1 1 


(reserved) 




j o : o [ o i o o o o 


SEQUENCE.START 




j o ! o J o 1 o o { c 


1 


GROUP.START j 


o ; o J o | i o o 1 1 o 


PICTURE.START 


j 0 ; 0 j 0 ( 1 0 | 0 1 


1 


SLICE.START 




| o: oj oj 1 


0 1 oj 0 


SEQUENCE_£ND 




.3 0 i 0 j J 


Oj 1 


ol 1 

t 


COD!NG_STANDARD 




$ 0 ; 0 j 1 | 0 | 1 1 j 0 


P1CTUR£_END 


; 0 of of 1 j 0 


1 


1 


1 


FLUSH 


! c , o ! o ! U i | o | o j o 


FIELD JNFO j j 
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1 


7j si 5 


4 3 2 1 


0 Token Name 


Reference 


Oj oj o 


"l | 1 0 j C 


)| i MAX.COMPJD 




0 1 0 j 0 1 1 | 1 0 [ 1 


( 0 EXTENSION_DATA 




0 : 0 j 0 | 1 } 1 o | 1 


[ t USER.DATA 




0! 0| 0 


1110 


0 DHT.MARKER 




oj oj 0| 1 [ 1 I 1 o 


! i DQTJUAflKER 


. — 


oj 0 0 


1111 


| 0 (reserved) DNL.MARKER 




o i o I o 1 t \ 1 


j 1 (reserved) DRI.MARKER 




i:tjijojijolo 


! 0 (reserved) 




1 : i ! 1 1 o | 1 o j o 


1 (reserved) 




1 ! 1 i 1 o j 1 o 1 


| 0 {ttsemed) 




1 ! 1 ! 1 1 0 1 1 1 0 f 1 


! 1 (reserved) 




t M j 1 | 0 j 1 | 1 | 0 


0 B ITERATE 




i ! 1 1 1 


0| ,j 1| 0 


i VBV.BUFFER.S12E 




i ! 1 | 1 j o 1 1 1 


0 VBV.DELAY 




* I 1 ! 1 o j i j 1 1 1 


1 PfCTURE.TYPE 




1 ' 1 ; 1 j 1 o o o | 


0 PICTURE.RATE { 


i ; i ; 1 1 j o o o 


1 PEL.ASPECT 


l 


1 i i i 1 j 1 o | o 1 1 


0 HORiZOffTAL.SIZE 






1 ; 1 | 1 j 1 0 0 1 


i VERTICAL.SIZE 






i j i ! 1 1 i o 1 o 


0 BROKEN.CLOSED 


i 

i 


j 1 ! 1 I 1 1 0 1 0 


t CONSTRAINED j 


| 1 ' 1 j 1 1 j 0 1 1 


0 (reserved) SPECTRAL.LIMIT j 


1 


1 : 1 | i j 1 j o 1 i 


1 DEFINE.MAX.SAMPLING 




1 j 1 j 1 j 1 j 1 0 0 


0 (reserved) 






1 ; 1 j i j i i o o 


1 (reserved) 






* i 1 i 1 1 i j i o 1 j 


0 (reserved) 




i ! 1 I i J 1 


1 0 j 1 J 


1 (reserved) 








ij if oj 


0 HORIZONTAL.MBS 




i ■ 1 : i ! i j 1 1 1 j o 


1 VERTtCAL.MBS 


11 i : i ; i ! i { 1 1 


0 (reserved) j 


! 1 1 ■ 1 : 1 ! 1 1 I * ! 


1 (reserved) J | 
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A.3.4 Description of Tokens 

This section documents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A. 3. 2. 



5 Note: 

. "r" signifies bits that are currently reserved and carry 
the value 0 

•unless indicated all integers are unsigned 




b b I 

— 1 Carries the mpeg bit rate parameter ? g 



decoder when decoding an MP=G trsu 



b - an 18 bit integer as defined by mps-3 



T 


J 1 1 1 * 1 j 1| o 


; t j o: 0 j BROKEN.CLOSED 


0 


r : f r j , j f 

i i 
1 i 1 

i ; 

' 1 1 ! 


I 

I 
I 


! 
i 

I 


Carries two MPEG flags bus: 

i 

c • closed _gop j 
b • broken jink j 


t 


oo'o!ijo|ijoii 


UUD!NG_STANDARD j 


0 

f 

! 

i 


! ' : j 

! j . i 

1 .' ' 

I ' I 

: ■ i ! i 

! ! lu 


$ 


S S 

t 

i ) 
! 

I 
I 

i 
i 

i 
I 


s - an 6 bit integer indicating the current coding standard. The ! 

i 

values currently assigned are: 

w * ] 

1 • JPEG 

2 - MPEG [ 


I MM i o i o ; o j o f c ; c 


COMPONENT_NAME 

i 

Commodates the relations*.? b erw«n a comconent id an c j 

t 

component name. See aJso ... j 

f 
I 

c - 2 bit component ID 

n - 8 bit component "name* ' 


0 

I 

i 

1 1 


n ' n , n 

! 

; 


j n ; n [ n 

i ! ! 

I 

! t 

i ! 

i I i 

I I i 


i 

n n 

t 
i 

j 
i 

i 


Ml 1 


t t : 1 


1 I 0 j 1 ; 0 ; 1 


CONSTRAINED 

c - carnes the cons;ra.ned^arame;ers.n a g decoded from an 
MPEG bttstream. 


0 


r 


r : r ■ 

i 

: | 

» t 


' : f i r I r i c 

' ! ! ! 

: i j ; 
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B 

1 


7 | 6 ; 5 j * 


3| 2 


1 


0 


Description | 

t 


0| Oj 0| 0| 0} 1 | c j c 


DATA i 

i 

Carnes cata througn the decoder "nip-set { 

c • a 2 bit integer component 10 (see A.3.5. 1 ; This fleid 
is not defined (or Tokens that carry codes da:a t-'atner than del 
information). 


T 


d[d ! djdjd!d|d!d 




0 


d , d , d 

j 1 

! i 


d 


d 


d 


d 


d 


1 


i ; i i t j 1 j o j 1 i 




DEFiNE_MAX_SAMPUNG 

Max Honzontal and Vertical sampling numbers. These deserve 
the maximum number of blocks hori2ontallyrVert:cally ' n a^y 

1 

component of a macroblock. See A.3.5.2 
h - 2 bit horizontal sampling number. 

v - 2 bit vertical sampling number. j 


1 


f i f : r i r | r 1 r 


h 


h 


0 




t : f 

i 

I 
t 
t 

i 
i 

i 
i 


r 


r 


r 


V 


V 


1 


1 1 1 ! o 


0 | 0 | i j e | e 


DEFINE.SAMPUNG 

i 

Horizontal and Vertical sampling numoers for a particular colour j 

i 

component, oee a.j.sjc 1 

i 

c * 2 bit component JO. j 
h - 2 bit horizontal sampling numoer. 

v - 2 bit vertical sampling number. i 


\ 


r|rjr 




h 


h 


0 


r ! f i r 

! | 

i I 

! I 

! ! 

i i 

I : 

i i 


f 


r 


r 


V 


V 


0 

p 


0 


Ol 


0 


1 


1 


1 


0 


0 


DHT_MARKER 

This Token intorms the video Demux that the DATA Token xat 
follows contains the specification of a Huffman ;abie described 
using the JPEG 'define Huffman table segm«nr syntax This Tc<en ; 
is only valid when the coding standard is configured as JPEG. 

This Token is generated by the stan code detecicr curing JPIG 

decoding when a OHT marker has oeen enecun'.ef *d m tne cata \ 

1 

stream. 
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£ 


7 j 


6 . 


5 


j 4 


i 3 


: 2 


! i o 


Oescnotton 


0 


o j 

i 

i 
i 

i 
1 

! 
1 

! 


0 : 

i 

i 


0 


1 


i 1 




1 j 0 

! 

1 

1 
1 

1 

i 

i 


DNL.MARKER 

This Token informs the Video Oemux that me DATA Token t^.at 
follows contains the JPEG parameter nl which soecfies ;ne 
number of lines in a frame. 

This Token is generated by the start code detector curing J= = 3 
decoding when a ONL marker has been encountered :n the ca:a 
stream. 


0 


0 

i 
i 

i 
i 


°i 


0 


1 


i 




0| 1 

i 
i 

! 

i 
i 

i 

i 

| 

1 

1 

; 
1 

t 

i 
t 


DQTJUARKER 

This Token informs the Video Demux that the DATA Token that 
follows contains the specification of a quantisation table described 
using the JPEG "define quantisation taWe segment" syntax This 
Token is only valid when the coding standard ts configured as ' 
JPEG. The Video Demux generates a QUANT_TABLE Tc<er j 
containing the new quantisation table information. 

i 

This Token ts generated by the start code detectcr dunng JPEG 

i 

decoding when a DQT marker has been encountered m the cai2 

! 
I 

stream. 1 


0 

; • 


0 ; 

i 

i 

j 

| 

! 


o ( 

i 

! 


0 


1 


1 

I 


1 


I 
| 

f 

i 

* 

| 

t 

I 


DRLMARKER j 

i 

This Token informs Che Vkjeo Demux that the DATA Token rat ! 
follows contains the JPEG parameter Ri which specifies the ' 
number of minimum coding units between restart markers. ! 

This Token is generated by the start code detector dunng JPE2 : 
decoding when a DRl marker has been encountered m the ca:a 
stream. 
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s 


7 f* 




4 j 3 ! 2 { t ! 0 


Oescnotion | 


1 


0 | 0 


Oj , 


1 i 0 


1 j 0 


EXTENSION.DATA JPEG 

This ToKen informs the Video Cemux thai me DATA Token :nat 
Mows contains extension data. See A.l t 3. "Conversion c' start 
codes to Tokens*. and A. 14.6. 'Receiving User and 
Extension data', 

Ounng JPEG operation the 8 oil fieid V carries the JPEG rr.arxer 
vafue. This allows the class of extension data to be identified. 


0 


V i 

i 
i 
1 


V 


V 


V 


V 


V 


V | V 

I 

i 
j 

! 

i 
I 


0 


0 


0 


0 


1 


1 


0 


1 < 


0 


EXTENSION .DATA MPEG 

This Token informs the Video Oemux that the DATA Token that 
follows contains extension data. See A.n .3. "Conversion of start 
codes to Tokens", and A. 14.6, 'Receiving User and 
Extension data'. > 


1 


ojojo}iji|ojojo 


FIELD JNFO 

Carries information about the picture following to aid its dispfay. 
This function ts not signalled by any existing coding standard. 

j 

t * if the picture ts an interlaced frame tnis bit indicates if the up per . 

! 

field is firs: (t«0) or second. 

p • if pictures are Melds this indicates if the next occur© is upoer | 
(p»0) or lower in the frame. 1 

f * a 3 bit number indicating position of the field :n the 8 field 3 Ai j 

i 
t 

sequence. i 


0 






r 


t 


p 


f 




i 

1 


0 


0 


oj 0 

! 


1 


Oj 1 

! 

i 
t 

i 




i 


FLUSH 

Used to indicate the end ol tne current coded data and to pusn re ' 
end of the data stream tnrough tne decoder. 


. 0 

I 

1 

1 
i 


0 


i o 

f 


j 
1 

1 
t 


1 j 0 J 0 

I j 

1 ; 

i 

i . 


j Oj 1 

r 

j 

i 
i 

! 
I 

I 


GROUP.START 

Generated wnen the group oi pictures Stan code is touno wren 
decoding MPEG or the frame marker is (ouno wnen decoding 
JPEG. 
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£ 


7j 6| 


^5 


*\ 


3 


2 


\ \ 


0 


Desertion i 

i 


1 


1 1 


1 1 


' I 


• 


1 

i 


1 I 

r 


0 I 


o 


HORJZONTAL.MBS 


! 


r i 


f i 


'I 


ft ! 


hi 


h ' 
f 


h 


ft 


ft • a 13 bit numoer integer indicating the horizontal width of :n« 
picture tn macroblocks. 


0 


h : 
i 
i 


n ! 

1 


ft j 

i 
i 


h ; 

I 


n i 

| 


! 


ft I 

i 


ft 


t 






1 i 




°l 


°i 




0 


HORIZONTAL.SIZE 


t 


hi 




h 




ft 


h l 


h i 


ft 


ft • 16 bit number integer indicating the honzontaf width o( the 
picture m pixels. This can be any integer value. 


0 


h 


! 


h 


'I 


ft 


ft 




ft 


1 


1 ', 


' t 


oi 




1 I 


o i c 1 


c 


JP£G_TA8L£_SELECT 


0 


r ! 

f 




r 


r 


r 


r 




t 


Informs the inverse quantiser which Quantisation table to use cn 
trie specified colour component 

c ■ 2 bit component 10 (see A.3.5.1 
t * 2 bit integer table number. 


1 


• 


o 


0 


1 


1 


0 




t 


MAX.COMPJD 


0 


f 


f 


r 


r 


r 


r 


m 


m 


m • 2 bit integer indicating tfte maximum value of component \Q 

t 
1 

(see A.3.5.1 J that wt/i be used m the next picture, j 


0 


1 


1 


0 


1 


0 




c 


c 


MPEG_DCH_TABLE j 


0 


r 


f 


r 


r 


r 


r 


t 


t 


j 

Configures wfttcft OC coefficient Huffman table should be uses tot i 
colour component cc. j 

c * 2 bit component ID {see A.3,5. 1 
I * 2 bit integer UWe number. 


0 


1 


1 


0 

1 

; 


0 

i 


1 


1 


d 


n 

i 


MPEGJTABLE.SELECT j 

Informs the inverse quantiser wnetner to use the de/auJt or user I 
defined quantisation table for intra or non-mtra information. 

n - 0 indicates intra information. 1 non-mtra. j 
d • 0 indicates default table, i user defined. , 
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£ j 7l 6 j 5 


4 


3 


2 


1 


0 


Description 


1 


77 of 1 I d 


V 


v| v| V 


MVO.BACKWAROS 

Carries one component (either vertical or horizontal) of trie 
backwards motion vector. 

d - 0 indicates x component, 1 the y comcenent 

v - 12 bit two's complement number. The 153 process tail sue! 

resolution. 


0 


V 1 V 

1 

1 

j 

i 
1 

j 

1 
j 




V 


V 


V 


V 


V 


1 


1 


0 


0 


d 


V 


V V 


V 


MVD_FORWARDS 

Carries one component (either vertical or horizontal) of the 

d • 0 indicates x component. 1 the y component 

v - 12 bit two's complement number. The LSS provtc&s naif pixel 

resolution. 


0 


v 


• 


V 


V 


V 


V 


V 


V 


0 


oj 0 

j 

i 
1 


0 


0 


0 


0 


0 


0 


NULL 
Does nothing. 




1 


1 j 1) 0 


0 0 1 


.PEL ASPECT I 
~ i 


oil' 

It 


r ; f 

I 


r 


P 


P 


P 


P 


p • a < bit integer as defined by MPSG. 


Oi 


0 




0 


1 


0 


\ 


\ 


0 


PiCTURE.END 

Inserted by the start code detector to indicate the ere 0/ the current . 
picture. 


t 




1 1 


0 


0 


0 


0 


PICTURE.RATE 

p • a 4 bit integer as defined by MPEG. 


0 




r 


r 


P 


p 


P 


p 


1 


0 j 0 j 0 1 


oj 0 


1 


0 


PICTUR£_START 

indicates the start of a new picture. 

n • a 4 ptt picture index allocated to the picture by the sran code 
detector. 


0 

I 


f ! r 

1 
I 

i 

1 

1 

t ; 
I ■ 


r 


f 


n 


n 


n 


n 
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3 2 i 1 l 0 



i i 1 1 i i oi i i 1 1 i i i 



I I 



1 I 1 



r ' P P 



Description 
P1CTURE.TYPE MPEG 

p • a 2 bit integer indicating the picture coding type of the picture 
mat follows: 
0 • intra 
\ * Predicted 

2 • Bidirectionaliy Predicted 

3 • DC intra 



t | 0 1 1 i i i 



I o! 1 



s d f q i 1 



i i 



P1CTUREJTYPE K2Si 

indicates various H.261 options art on (1 ) or off (0). These options 
are always off for MPEG and JPEG: 
s * Spiit Screen Indicator 
d * Document Camera 
f * Freeze Picture Release 

Source picture format: 
q « 0 - QCIF 
q = 1 - CIF 



o; 1 



x ! b 



PREDICTION.MODE 

A set of flag bits that indicate the prediction mode for the 

macroblccta that follow: 

f - forward prediction 

b - backward prediction 

x - reset forward vector predictor 

y - reset backward vector predictor 

n - enable K261 looo filter 



0 o ! i s 



i f 



QUANT_SCALE 

informs the inverse quantiser of a new scale (actor 

s * 5 bit integer m range 1 ... 31 . The value 0 is reserved. 
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1 E l 


7 


6 ! 5 | 4 | 3 


2 




0«scnotion ] 


1 


OIOlOiO|ljr|ti! 


QUANT_TABL£ 

Loads :n* specified inverse quantiser :aoie witn 64 3 bit j.-s.grec 
integers. The values are tn zig-zag order. 

t - 2 btt integer soecrfymg trie inverse cuar::ser :a*'e oe 'saiei 


1 


q Q.q:qjqjqiq-q 




0 


q 


q 


q 


q 


q 


q 


1 
j 


0 


0 


0 


°l 1 

I 

! 
i 


0 


1 


0 


0 


SEQUENCE END 

The MPEG seouence_end_code and the JPEG EO marner cause 
this Token to be generated. 


0 


o 


0 


0 


1 


0 


o jo| o 

! i 


SEQUENCE.START 

Generated by the MPEG sequence.stan Stan code. 


1 


ojo o | t j o | o , t ! i 


SLICE.START 

Corresponds to the MPEG siice_siart. the H.261 GC3 ari the 
JPEG resync interval. The interpretation of 8 bit integer *s* diss's 
between coding standards: 

MPEG - Slice Vertical Position - 1 . 
H.261 • Group of Slocks Number . i . 

JPEG * resychronisaaon interval ident;/lcat;on (4 LS5s onfy). j 


0 


s 


S 


s 


s 


s 


s 


S 


s 


1 


t i i | o i 


ojo t j t 


TEMPORAL.REFERENCE j 


0 


>!' 

1 

i 
i 


t 


t 




t 


t 


t 


t - carnes the temporal reference. For MPEG this ts a 10 bit integer 
For H.261 oniy the 5 LSSs are used, the MSBs will always oe zero, j 


1 


1 1 i j 1 1 o j o j 1 i o j d 


TIME.CODE I 

The MPEG time.code: : 
d - Orop frame flag i 
h • 5 Jbtt integer specifying hours 
m - 6 bit integer specifying minutes 
s - 6 bit integer specifying seconds 
p - 6 bit integer specifying pictures 


1 


f j r j r | h h j h j h i h 


1 


f ] r j ml mj m: m 


m; m 


1 


M r | s 


s j s| s 


* 1 * 


• 0 


r 1 r 

i 

\ 

! 


p 

! 
I 

I 
I 


p 


p 


p j p j p 

; 

! I 
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*. 












5 


4 


3 : 


2 " 




°l 


Descnoticn 


■ ij| 0 0- 


0 t : t 


0 


\ 


< i 


USER_DATA JPEG 


i I 
; i 




V 


V 


V 


V 


V 


V 


This Token mlorrrLs Tie Video werrui tra* ~e DATA ~;*en *>a: 














i ! 
















follows contains user data. See A. 1 i 3. "Cc-vers-c- of s:ar :::=s 


1 ! 
















io Tokens', and A. : i.6. "^ece-vsr.g Lser a.*; 


| i 
















extension data*. 


1 

I \ 
















During JPEG coeratrcn tfie 3 tit feid V carres :ne -PEG -ar*2' 


| j 

i : 




l 

! 










value. This allows ;ne class of user da;a ;o se ;de";tf.ed 



0 

i 

! 

i 


0 0-0 I'l o.t.i 

; • ; ! • 

: 1 . ■ 1 

1 1 1 : ; 

. . ! 

; I 


USER.DATA MPEG 

This Token informs tfte Video Demux tnat '-e DATA Token :.-.a: 
follows contains use/ data. See A.n.3. "Conversion of s:an cocss 
to Tokens*. and A. u S. "Receiving user and 
Extenston data*. 


1 i l| 1 1 j 1 j a 1 


1 0 t 1 


VBV_BUFFER_SIZE 

s * a 10 bu integer as defined by MPEG. 


J M ' r I f i f ! f 


r | s :s 


i 0 1| s s j s j s j s 


si s s 


; :|{ i i j t j Q 


t 


1 | \ . 0 


VBV_DELAY 

b - a bit integer as defined by MPEG. 


j 1 )| 0 b | b | b j b 


& D ! D 




b b 1 t> j b 


b 


b b i o 


i M 


j i 1 ! i j 1 j 1 


■ t J 0 | 1 


VERTICAL.MBS j 

i 

v - a 13 bit integer indicating tne vencai sue o! tne rctvjre n i 
macroblocKs. 


i 1 
I — 


jr- f ;rjv|v|viv<v 


i o 

I 


V V t V I V 


V 


V i V j V 

i • 


1 


t . 1 1 , \ } o ! o ; 1 t 1 


VERT1CAL.S32E 


1 


v' vi v; vt v; v» v ; v 


v - a 16 bit integer indicating tne vertical size cf ;he oicr^re n r:i?-s 


V 

( 


V V v vivjv.v v 


This can be any mteger vaiue. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 9 of 9) 
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A. 3. 5 Humbert signalled in Tokens 

A. 3.5.1 Component Identification nuabtr 

In accordance with the present invention, the Component 
ID number is a 2 bit integer specifying a color component. 
5 This 2 bit field is typically located as part of the Header 
in the DATA Token. With MPEG and H.261 the relationship is 
set forth in Table A. 3. 3. 



Component ID 


MPEG or H.251 colour component 


0 


Luminance (Y) 


1 


Blue difference signal (Co / U) 


2 


Red difference signal (Cr / V) 


3 


Never used 



Table A. 3.3 Component ID for MPEG and H.261 
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With JPEG the situation is more complex as JPEG does not 
limit the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan. The IDs are allocated sequentially as the 
5 specification of color components arrive at the decoder. 
A. 3.5.2 Horisontal and Vertical sampling numbers 

For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblock. This 
10 specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.261) with 4:2:0 chroma 
sampling (Figure 36) and component IDs allocated as per 
Table A. 3 . 4 . 





Horizontal 




Vertical 




Component ID 


sampling 


Width tn blocks 


sampfing 


Height in blocks 




number 




number 




! 0 


1 


2 


1 


2 




0 


1 


0 


1 


2 


0 


1 


0 


1 


3 


Not used 


Not used 


Not used 


Not used 



15 



Table A. 3. 4 Sampling numbers for 4:2:0/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component to component ID will vary between applications. 
See A. 3. 5.1. Note: JPEG requires a 2:1:1 structure for its 
macroblocks when processing 4:2:2 data* See Table A. 3.5* 





Horizontal 




Vertical 




Ccrrocrent ID 




WtdtTi m blocks 


sampling 


Hcgi-t :n blocks 




number 




num&e< 




Y 


1 




° 




U 


0 


1 | 0 j i 


V 


1 


1 







5 



Table A.3.5 Sampling numbers for 4:2:2 JPEG 
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A. 3 . 6 *ap#cial Token formats 

In accordance with the present invention, tokens such as 
the DATA Token and the QUANTIFIABLE Token are used in their 
"extended form" within the decoder chip-set. In the 
5 extended form the Token includes some data. In the case of 
DATA Tokens, they can contain coded data or pixel data. In 
the case of Q U ANT_T A B L £ tokens, they contain quantizer 
table information. 

Furthermore, "non-extended form" of these Tokens is 
10 defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



Token Nam« 


MPEG 


JPEG 


H2S\ 


BIT_FEATE 




! 1 


BROKEN_CLOSED 


/ 






CODING.STANDARD 


/ 


/ 


/ 


COMPONENT.NAME 


! ' 1 


CONSTRAINED 








DATA 


/ 


/ 




DEFINE_MAX_SAMPUNG 


/ 


/ 


/ 


DEF!NE_SAMPL!NG 


/ 


/ 




DHT.MARKER 


' 1 


DNL_MARKER 




/ 




DQT_MARKER 




t 

1 ' 




ORLMARKER 




/ i 



15 



Table A, 3 . 6 tokens for different standards 
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j '-■ — ■ 

^ Token N^rnt 


mpsg 


JPEG 


H.251 


EXTENSiON.OATA 


/ 


/ 




j FIELD JNFO 








! FLUSH 


/ 


' 1 ' ! 


GROUP.START 


' \ ' \ 


HOREONTALJWBS 




/ 


HORIZONTAL.SIZE 




JPEGJTABLE.SELECT 




/ i 

i 


MAX.COMPJD 




MPEGJ5CHJTABLE 


✓ 




MPEG.TABLE.SELECT 


/ 




MVD.BACKWARDS 


/ 




MVD_FORWARDS 


/ 


/ 


NULL 


/ 


/ 


/ 


PEL.ASPECT 


/ 


! 1 


PICTURE.END 


✓ ✓ | ✓ 


PICTURE.RATE 


✓ 




j P1CTURE.START 




PICTURE.TYPE 


✓ / i y 


i PREDICT10N_MODE 


✓ i / 1 / ! 

1 I 1 


j QUANT.SCALE 


✓ i ✓ 1 


OUANTJTABLE 


/ 


' ! ! 


| SEQUENCE.END 


/ 


/ 




SEQUENCE.START 


s 


/ 




SLICE.START 


s 


; \ ; 


TEMPORAL.REFERENCE 


s 


! 7 ! 


T1ME_C0D£ 


' \ I i 


USER.DATA 


' 1 - i 


VBV_BUFFER_SIZE 


' i i ! 


VBV_DELAY 


' \ i 


VERT1CAL.MBS 


✓ | / j / 


VERT1CAL.S1ZE 






- ! 



Tabte A.3.6 Tokens for different standards (contd) 
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A. 3 . 7 Use of Tokens for different standards 

Each standard uses a different sub-set of the defined 
Tokens in accordance with the present invention; ss Table 
A. 3. 6. 



D 

m 

H 
H 

m 

m 
m 

s 

D 
u 

yj 
a 

D 
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SECTION A.4 The two wire interface 

A. 4.1 Two-wire interfaces and the Token Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
5 Data is only transferred between blocks when both the 

sender and receiver are observed to be ready when the clock 
rises . 



If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait. If the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 

15 output until it is accepted by the receiver. 

When Token information is transferred between blocks- the 
two-wire interface between the blocks is referred to as a 
Token Port. 
A. 4 . 2 Where used 

2 0 The decoder chip-set, in accordance with the present 

invention, uses two-wire interfaces to connect the three 
chips. In addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
A. 4. 3 Bus signals 

2 5 The width of the data word transferred by the two-wire 

interface varies depending upon the needs of the interface 
concerned (See Figure 35, "Tokens on interfaces wider than 
8 bits". For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine Transform (IDCT) , but only 9 bits 

3 0 are output. 



10 



1) Data transfer 

2) Receiver not ready 

3 ) Sender not ready 
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interlace 


Da;a w-c:n (bus; 


Cocec data input to Soacal Decoder 


3 


Cutout port of Spattai Decoder 


9 


input oon ol Temporal Oecoder 


9 


Output port of Temporal Decoder 




input port o* Image Formatter 


3 1 



Table A. 4.1 Two wire interface data width 

In addition to the data signals there are three other 
signals transmitted via the two-wire interface: 

.valid 
5 . accept 

- extension 
A. 4, 3,1 The extension signal 

The extension signal corresponds to the Token extension 
bit previously described. 
10 A. 4*4 Design considerations 

The two wire interface is intended for short range, 
point to point communication between chips. 

The decoder chips should be placed adjacent to each 
other, so as to minimize the length of the PCB tracks 
15 between chips. Where possible, track lengths should be 

kept below 25 mm. The PCB track capacitance should be kept 
to a minimum. 
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The clock distribution should be designed to minimize 
the clock slew between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips". 1 
5 All chips communicating via two wire interfaces should 

operate from the same digital power supply. 
A, 4.5 Interface timing 



Num. 


Characteristic 


30 MHz 


Unit 


Note" 

6 


Mm. 


Max. 


! i 


input signal set-up time 


5 




ns 




2 


input signal hold time 


0 




ns 




3 


Output signai drive ome 




23 


ns 




4 Output signai hold :ne 


2 




ns 





Table A* 4 . 2 Two wire interface timing 

a. Figures in Table A. 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 20 p F 



1 Note: Figure 3 8 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock. This is 
15 optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10.5, "Coded data clock". Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 
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A. 4 . 6 a^Signal levels 

The two-wire interface uses CMOS inputs and output. 
V.h™ is approx. 70% of v t)l) and v llmj , is approx. 30% of v 0D . 
The values shown in Table A. 4. 3 are those for V. H and v.. at 
their respective worst case v D .,. v\ JO =5 . OrO . 2 5V . 



Symcol 


Parameter 


Mm. 


Max. 






input :051c 'V voltage 


3.68 


v 30 .os 


■ V 




fnout tcgx 0* voltage 


GNO • C.5 


1 43 


- V 


v OH 


Outcm fogx v vottage 


V 30 .0.1 




7 * 


{ 




V 30 • OA 




■ V 3 




Outset :c;:c "0* voi&ge 




0.1 


/ : 


i 








V 3 




Jnput leaica^e current 




: ^0 


1 



Table A. 4. 3 DC electrical characteristics 

a. l oH <lrftA 

b. l ( ,„<4mA 

c- l Ii; <lmA 

10 d. l f)1 <4mA 
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A - •*• 7 Control clock 

In general, the clock controlling the transfers across 
the two wire interface is the chip's decoder_clock The 
exception is the coded data port input to the Spatial 
Decoder. This is controlled by coded_clock . The clock 
signals are further described herein. 
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SECTION A.5 DRAM Interface 

A. 5.1 The DRAM interface 

A single high performance, configurable, DRAM interface 
is used on each of the video decoder chips. In general, 
5 the DRAM interface on each chip is substantially the same; 
however, the interfaces differ from one another in how they 
handle channel priorities. The interface is designed to 
directly drive the DRAM used by each of the decoder chips. 
Typically, no external logic, buffers or components will be 
10 necessary to connect the DRAM interface to the DRAMs in 
most systems. 
A . 5 . 2 Interface signals 



Signaf Name 


Input / 
Outout 


Description 


ORAM_data(31:0] 


I/O 


The 22 bit wide ORAM cata Eus. Optionally trus ous 
can be configured to be 16 or 3 pits wide. See 
section A.S.B 


DRAM.addrnO;0} 


0 


The 22 bit wide DfcAM interlace address *$ erne 
multiplexed over this 11 bit wde pus. 




0 


The ORAM Row Address Slrooe signal 


£a5(3:0] 


0 


The ORAM CoJumn Address Strobe Sfgnai. One 
signal is provided per byte of tne interface's data 
bus. Alt tne £X5 signals are driven srmuftaneously 


wl 


0 


The ORAM Wnte Enaoie signal 




0 


The ORAM Output Enable sigrat 


DRAM .enable 

1 
I 
! 


l 


This input SjgnaJ, when low, makes ail tne output 
signals on the interface go rign impecar.ee. 

Note: on-chip data processing is not stopped wnen 
the ORAM interface is nigh impedance. 5o. errors ; 
will occur if tne cntp attempts to access CRAM wrtie 
OR AM, enable is low. 



Table A.5.1 DRAM interface signals 
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In *cc?ordance with the present invention, the interface 
is configurable in two ways: 

.The detail timing of the interface can be 
configured to accommodate a variety of 
5 different DRAM types 

.The "width" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications* 
A. 5 3 Configuring the DRAM interface 
10 Generally, there are three groups of registers 

associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers and refresh configuration registers. The refresh 
configuration registers (registers in Table A. 5. 4) should 
15 be configured last. 

A. 5.3.1 Conditions after reset 

After reset, the DRAM interface, in accordance with the 
present invention, starts operation with a set of default 
timing parameters (that correspond to the slowest mode of 
20 operation) « Initially, the DRAM interface will continually 
execute refresh cycles (excluding all other transfers) . 
This will continue until a value is written into 
ref resh_interval . The DRAM interface will then be able to 
perform other types of transfer between refresh cycles. 
2 5 A. 5. 3. 2 Bus configuration 

Bus configuration (registers in Table A * 5 . 3 ) should only 
be done when no data transfers are being attempted by the 
interface. The interface is placed in this condition 
immediately after reset; and before a value is written into 
30 ref resh_interval . The interface can be re-configured 
later, if required, only when no transfers are being 
attempted. See the Temporal Decoder chip_access register 
(A. 13.3.1) and the Spatial Decoder buf f er_manager_access 
register ( A. 13 . i . 1) . 
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A.5.3.T ^Interface timing configuration 

In accordance with the present invention, modifications 
to the interface timing configuration information are 
controlled by the interf ace_timing_access register. 
5 Writing 1 to this register allows the interface timing 
registers (in Table A. 5.2) to be modified. While 
interf ace_t-iming_access = l, the DRAM interface continues 
operation with its previous configuration. After writing 
1, the user should wait until l can be read back from the 
10 interf ace_t iming_access before writing to any of the 
interface timing registers. 

When configuration is compete, 0 should be written to 
the interf ace_timing_access . The new configuration will 
then be transferred to the DRAM interface. 
15 A. 5. 3. 4 Refresh configuration 

The refresh interval of the DRAM interface of the 
present invention can only be configured once following 
reset. Until ref resh_interval is configured, the interface 
continually executes refresh- cycles. This prevents any 
20 other data transfers. Data transfers can start after a 
value is written to ref resh_interval . 

As is well known in the art, DRAMs typically require a 
"pause" of between 100 us and 500 ^s after power is first 
* applied, followed by a number of refresh cycles before 
25 normal operation is possible. Accordingly, these DRAM 

start-up requirements should be satisfied before writing a 
value to ref resh_interval . 

A.5*3,5 Read access to configuration registers 

All the DRAM interface registers of the present 
30 invention can be read at any time. 
A.5,4 Interface timing (ticks) 
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Thes-CRAM interface timing is derived from a Clock which 
is running at four times the input Clock rate of the device 
(decoder_clock) . This clock is generated by an on-chip 
PLL. 

5 For brevity, periods of this high speed clock are 

referred to as ticks. 
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A. 5 * 5 "~lffterf ace registers 







3 




Agister name 


S 


Stal 






3 


Descr'cticn 






v> 
9 








C J 




interlace Jimmg_access 


1 


0 


This (unction enacie register a.ic*s access ;o 




&u 




;he ORAM interface umir.g ccrfigura'jcn 








registers. The configuration registers $ncu:d -c-; 1 




rw 




be modified while tMs register K .ok:s the va:ue 








0. Writing a one to this register requests access 








to modify the configuration registers. After a 3 








has been wnrten to this register T* C?.AM 








interface will start to use me new values :n T.e 








finning ^^n/imirahrtn >ui«t«f c 

liming ^aniiguiauun registers. 


i 

page.start^length 


5 


0 


Specifics the iengtn of the access start .n ~cks. 




Cit 




The minimum value that can be usee is - 












rw 




lengtn of 32 ttcks. 


1 if «n >nr — wy wtv^ivt ty « ' 


4 


0 


So«?iA« tM* f*netn af ihe fast *;a'*« read or 




bit 




write cycle in ticks. The minimum vaiue C"iat can 








be used is 4 (meaning 4 ticks). 0 selects the ' 




rw 




maxtmum length of *. 5 ticks. 1 


r*fr**tt rvr*(A l»f>nth 


4 


0 


So«eifi*< rrt# lanem oi rr.e r*fr&sn evc:e in t:cks 




btt 




The minimum value trial can be usee) is 








^meaning * u<-^a>. v seict j wie i ■ 




rw 




length of 1 6 ticks. 


RAS_faJling 


4 


0 


Specifies the numcer of ucks aner tre start :\ 


i 


bit 




the access start that RAS .'ads. The mtr,:rr.um 








value that can be used is 4 (meaning - fc*si. 0 




rw 




selects the maximum tength of *S :cks. 


CAS. failing 


4 


3 


i Specifies trie numoer of ticks after tne start cf a 

I 




bit 




J read cycle, wrtie cycle or access start tr.at CAS 




i 




j talis. The minimum value that can 2+ used -s t 




rw 




(meaning 1 nck>. 0 selects the maxmum :ergr: 








of i€ ticks. 



Tabie A.5.2 Interface timing configuration registers 
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2 




Register name 


Q 
•* 


* 

9 

tr 


Description j 


DRAM.data.width 


2 

bit 
rw 


0 


Soecifies the numoer of bits used on :ne DRAM 

interface data bus DflAM_datt(ji:0|. See j 

i 

! 

i 


row,address_bits 


2 

bit 
rw 


0 


Specifies the number of bt£s used for tne row J 
address portion of the DRAM tntertace access ; 

bus. see a.s. iQ i 

| 
i 


ORAM.enaOie 


t 

bit 
rw 


\ 


Writing the vaiue 0 m to this register forces ;re { 

DRAM interface into a high impedance sate. ' 

j 

0 will be read from this register if either the ! 

j 

DRAM^ena&le signal is low or 0 has been ' 
written to the register. j 


CAS_strength 


3 


6 


These three bit registers configure me cutout 


RAS.strength 


bit 




drive strength of DRAM interlace signals. 


addr_strength 






I 

This allows the interface to be configured for j 

1 


ORAM_dau.»tf«ngtn 


rw 




oew£.*tr«ngtn 






venous different toads. \ 

! 

S««A.5.13 



Table A. 5. 3 Interface bus configuration registers 
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A, 5 , 6 *-*l*terf ace operation 

The DRAM interface uses fast page mode. Three different 
types of access are supported: 
. Read 
5 .Write 

. Refresh 

Each read or write access transfers a burst of 1 to 64 
bytes to a single DRAM page address- Read and write 
transfers are not mixed within a single access and each 
10 successive access is treated as a random access to a new 
DRAM page. 



Register name 


S 
is 


a 
(5 
(75 
** 

Si 

« 

c 


Description 


refresh JntervaJ 


8 


0 


This value specifies me interval between j 




bit 




refresh cycles m periods of 1 6 decoder^c.'oc* 








cycfes. Values m me range 1 ..255 can j 




rw 




configured. The value 0 is automaccatiy loarec ! 








after reset and forces the CRAM trterface :o j 








continuously execute refresh cycles until a va-;c ] 

i 








refresh intervaJ is configured, it is | 

1 








recommended that relresh Jntervat shcuid z* ; 








configured onty once after each reset. ; 


no.refresh 


1 

btt 
rw 


0 


Writing the- value i to this register prevents | 
execution of any refresh cycles. ! 

i 
j 

i 



Table A. 5.4 Refresh configuration registers 
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A . 5 . 7 «a~A*cess structure 

Each access is composed of two parts; 
.Access start 
.Data transfer 

5 In the present invention, each access begins with an 

access start and is followed by one or more data transfer 
cycles. In addition, there is a read, write and refresh 
variant of both the access start and the data transfer 
cycle . 

10 Upon completion of the last data transfer for a 

particular access, the interface enters its default state 
(see A. 5. 7, 3) and remains in this state until a new access 
is ready to begin. If a new access is ready to 
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begin when the last access has finished, then the new 
access will begin immediately. 
A • 5 • 7 . 1 Access start 

The access start provides the page address for the read 
5 or write transfers and establishes some initial signal 
conditions. In accordance with the present invention, 
there are three different access starts: 
. Start of read 
.Start of write 
10 .Start of refresh 



Num. 


Characteristic 


Min. 


Max. 


Unit 


Notes 


5 


HAS precnarge penotf set Dy register 
RAS Jailing 


4 


16 


BCK 


i 

i 


6 


Access Stan duration set Dy register 
page_startjength 


4 


32 




i 
i 

i 




CAS precftaxge length set Dy register 
CAS Jailing. 


1 


16 




« 

| 


8 


Fast page read or write cycle length set Dy 
the register transfer.cyelejengtn. 


4 


16 




i 


9 


Refresh cycle length set Dy me register 
refresfi^cycie. 


4 


16 




i 



Table A. 5. 5 DRAM Interface timing parameters 

a. This value must be less than RAS_f ailing to ensure 
'CKS before RAS refresh occurs. 
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In each case, the timing of RAS and the row address is 
controlled by the registers RAS_f ailing and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until **RAS 
5 falls. The three different access start types only vary in 
how they drive OE and DRAM_data[31: 0] when RAS falls. See 
Figure 43. 

A.5.7.2 Data transfer 

In the present invention, there are different types of 
10 data transfer cycles: 

.Fast page read cycle 

. Fast page late write cycle 

•Refresh cycle 

A start of refresh can only be followed by a single 
15 refresh cycle. A start of read (or write) can be followed 
by one or more fast page read (or write) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven. 

Furthermore, an early write cycle is used. WE is driven 

2 0 low at the start of the first write transfer and remains 

low until the end of the last write transfer. The output 
data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
25 activity during the refresh cycle. The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM. 
A. 5. 7. 3 Interface default state 

The interface signals in the present invention enter a 

3 0 default state at the end of an access: 

RAS, CAS and WE high 

*data and OE remain in their previous state 
.addr remains stable 
A.5,8 Data bus width 
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the DRAM c ' " T " eoB »*«-- This 

«-.U Picture formats <*« workin, with 



a . 
b. 



OAAM.daca.widirt 



16 bit wiat dan bus on DR*M.d au(3»:l6^l 
32 Oil wwjt dlta but on ORAM d^m-A) 



Table a. 5.« Configuring DRAM_data_width 

Default after reset. 

^used signals are hfild h . gh impedance> 



A.S.9 row address width 
The number of bite = 
" section of th. 2) Mt int. ^ ' ™" 

■ the ro „ addr . ss ^ r b ;t." r er to 

row_address_bits. register, 



I 2 



widtn p( fow MdrtJ4 
10 bitt on 0BAM.«ddf(9:Q| 



"binonOHAM.Md K » 0:0J 

Table a. s. 7 configuring 



row__address bits 
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A.5. 10~A*dress bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
5 selected for the row address. Some configurations do not 
permit all the internal address bits to be used and, 
therefore, produce "hidden bits)". 

Similarly, the row address is extracted from the middle 
portion of the address „ Accordingly, this maximizes the 
10 rate at which the DRAM is naturally refreshed. 



row 
addrtss 

width 


row address 
translation 
internal O •xtsrnal 


data bus 

width 


column address If anslaoon 
inttrnat O ttfernal 


9 


(14:6) 0(8:01 


6 


(19:15)0(10:6) 


(5:0)0(5:01 






16 


(20:1510(10:5) 


(5:1)0(4:0) 






32 


(21:15) o(10:4| 


(5:2)0(3:01 


to 


(15:6)0(9:0) 


6 


(19:16)0(10:6) 


(5:0)O(5.0| 






16 


(20: 16| 0(10:5) 


(5:1)0(4:0) 






32 


(21:16)0(10:4) 


(5:2)0(3-0) 


11 


(16:6)0(10:01 


a 


(19:17)0(10:6) 


(5:0)0(5:0) 






16 


(20:17)0(10:5) 


(5:1)0(4:0) 






32 


(21:17)0(10.4) 


(5jM o (3:01 



Table A. 5.8 Mapping between internal and external addresses 
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A.5*lfr»l* Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
5 control these transfers will depend on the width of the 
data bus (see A . 5 . 8 ) . 

A. 5. 10.2 Decoding row address to access more DRAM banks 

Where only a single bank of DRAM is used, the width of 
the row address used will depend on the type of DRAM used. 

10 Applications that require more memory than can be typically 
provided by a single DRAM bank, can configure a wider row 
address and then decode some row address bits to select a 
single DRAM bank. 

NOTE: The row address is extracted from the middle of 

15 the internal address. If some bits of the row address are 
decoded to select banks of DRAM, then all possible values 
of these "bank select bits" must select a bank of DRAM . 
Otherwise, holes will be left in the address space. 
a « 5 . 1 1 dram Interface enable 

20 In the present invention, there are two ways to make all 

the output signals on the DRAM interface become high 
impedance, i.e., by setting the DRAM_enable register and 
the DRAM-enable signal. Both the register and the signal 
must be at a logic 1 in order for the drivers on the DRAM 

25 interface to operate. If either is low then the interface 
is taken to high impedance. 

Note: on-chip data processing is not terminated when 
the DRAM interface is at high impedance. Therefore, errors 
will occur if the chip attempts to access DRAM while the 

30 interface is at high impedance. 

In accordance with the present invention, the ability to 
take the DRAM interface to high impedance is provided to 
allow other devices to test or use the DRAM controlled by 
the Spatial Decoder (or the Temporal Decoder) when the 
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Spatial decoder (or the Temporal Decoder) is not in use. 
It is not intended to allow other devices to share the 
memory during normal operation. 
A- 5* 12 Refresh 

5 Unless disabled by writing to the register, no_refresh, 

the DRAM interface will automatically refresh the DRAM 
using a CAS .before TCKS refresh cycle at an interval 
determined by the register, ref resh_interval . 

The value in ref resh_interval specifies the interval 

10 between refresh cycles in periods of 16 decoder_clock 

cycles. Values in the range 1.255 can be configured. The 
value 0 is automatically loaded after reset and forces the 
DRAM interface to continuously execute refresh cycles (once 
enabled) until a valid refresh interval is configured. It 

15 is recommended that ref resh_interval should be configured 
only once after each reset. 

While reset is asserted, the DRAM interface is unable to 
refresh the DRAM* However, the reset time required by the 
decoder chips is sufficiently short, so that ■ it should be 

20 possible to reset them and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5.13 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers, 

2 5 CAS_strength, RAS_strength, addr_strength, 

DRAM_data_strength, and OEWE_strength . The MSB of this 3 
bit value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances . 

30 The default strength .after reset is 6 and this 

configures the outputs to take approximately 10ns to drive 
a signal between GND and V 0D if loaded with 24 p F. 
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strength value 


Orn/e cnaracienstics 


0 


Approx. 4 nW tnto 6 pf toad 


1 Approx, 4 nsV into 12 pf load 


2 


Approx. 4 nVV into 24 pf load 


3 


Appro*. 4 nW into 48 pf load 


4 


Approx. 2 ns^V into 6 pf load 


5 


Approx. 2 ns/V into 12 pf load 


6* 


Approx. 2 ns/V into 24 pf load 


7 


Approx. 2 ns'V into 46 pf load 



Table A. 5. 9 output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
it is driving, it will meet the AC electrical 
5 characteristics specified in Tables A . 5 . 13 to A, 5* 16. When 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition, 
A ♦ 5 . 14 Electrical specifications 
10 All information provided in this section is merely 

illustrative of one embodiment of the present invention and 
is included by example and not necessarily by way of 
limitation. 
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Symbol 


Parameter 


Min. 


Max. 


j Units 




Suppty vonage relative to GNO 


-0.5 


5.5 


1 v 




inout voltage on any am 


GNO * 0.5 


V 00 ~ 0.5 






Ooerasng temperature 


-to 


+85 


I *c 


i T s 


Storage temperature 


-55 


♦ ISO 


1 *c 



Table A. 5 .10 Maximum Ratings* 

Table A. 5. 10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 
embodiment stresses below those listed in this table should 
5 be used to ensure reliability of operation. 



Symbol 


Parameter 


Min. 


Max. 


Units 




Supply voltage relative to GNO 


4.75 


525 


v 


GNO 


Ground 










Input logic *r voltage 


2.0 


V 00 - 0.5 






Input logic '0' voltage 


GNO . 0.5 


0.8 


v | 




Operaong temperature 


0 


70 ] 


•c* j 



Table A. 5 .11 DC Operating conditions 

a. With TBA linear ft/min transverse airflow 
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Table A. 5. 12 DC Elaetr^.i w 

*J.ectrical characteristics 

AC parameters are snerifi.j 

specified using V 0Lmj , = 0 .8V 

as the measurement level. 
This is the steady state drive capacity of 
the interface. 

Transient currents may be much greater. 
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A*5,I4rri^AC characteristics 



Num. 


Parameter 


Win. 


Wax. 


Unit 


Note 1 


10 | Cyctettme 


•2 


+2 


ns 




'< 


Cycle time 


2 


-2 


ns 




12 


Htgn pufse 


-5 


-2 


ns 




nr- 


Low pulse 


-11 


+2 


ns 


i 

t 


i u 


Cycle ome 


-8 


+2 


- 1 



Table A. 5 .13 Differences from nominal values for a strobe 

a. As will be appreciated by one of ordinary skill in 
the art, the driver strength of the signal must be 
5 configured appropriately for its load. 



Num. 


Parameter 


Win. 


Wax. 


Unit Note * j 




Strode to strobe delay 




ns i 
i 


16 

i 


Low hold time 




-3 


ns 


i 

I 


17 


Strobe to strobe precftarge e,g. cCRP. 
tRCS. tRCH. tRRH. tRPC 


-9 


+3 


ns 


I 

! 


CAS precnarge puts* between any two 

CAS signals on wide ORAMs e.g. :CP, or 
between ras rising and CAS fatting e.g. 
tRPC 


-5 


^2 


ns 


| 
i 

I 


13 


Precnarge before disable 


•12 -3 


ns 


i 
i 



Table A. 5. 14 Differences from nominal 
values between two strobes 

a. The driver strength of the two signals must be 
configured appropriately for their loads. 
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Num, 


Parameter 


Mtn. 


Ma*. 


•jph 


Note 4 : 


19 


Set uo time 


•12 






; 


20 


Hold time 


■t2 


+3 






21 


Address access ttme 


•12 


*3 


- i 


j 22 j Next valid after stroce 


•12 


+3 







Table A. 5 . 15 Differences from nominal 
between a bus and a strobe 

a. The driver strength of the bus and the strobe must 
be configured appropriately for their loads. 



Num. 


Parameter 


Mm, 


Max. 




Note , 


23 


*ead data set-up ome oe/ore CAS signal 
starts to nse 


0 






j 
1 


24 


flead data rioid time after CAS signal 
starts to go nigh 


0 




r-s 





5 Table A. 5 • 16 Differences from nominal 

between a bus and a strobe 



When reading from DRAM, the DRAM interface samples 
D*RAM_data[31:0) as the signals rise. 
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oars 


imeter 


j parameter 


J oa/am«t*r ; 








nam« 


[ num&er 


name 






IPC 

1 




tRSH 


16 


tRHCP 
tCPRH 


18 | 

j 




tflC 


11 


tCSH 




tASR 


19 i 




tRP 


12 


tflwu 




tASC 


t 

1 


o 


tCP 




ECWL 




OS 


j 




tC?N 




tRAC 




tRAH 


20 » 




rRAS 


13 


tOAC/tO£ 




tCAH 


! 




ICAS 




tCHR 




tQH 






!CAC 




icrp 


17 


tAR 






tw? 




tRCS 




tAA 


21 




IRAS? 




tRCH 




tRAL 


1 




tRASC 




tRRH 




[RAD 


22 i 




tACPACPA 


14 


tRPC 






| 




tRCO 


15 


tCP 






i 




tCSR 




tRPC 









Table A. 5. 17 Cross-reference between "standard" DRAM 
parameter names and timing parameter numbers 
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SECTKW A,6 Microprocessor interface (MPI) 

A standard byte wide microprocessor interface (MPI) is 
used on ail chips in the video decoder chip-set. However, 
one of ordinary skill in the art will appreciate that 
5 microprocessor interfaces of other widths may also be used. 
The MPI operates synchronously to various decoder chip 
clocks. 

A. 6.1 MPI signals 



Signai Name 


Input/ 
Output 


I 

Description j 

i 


enaDie(1:0) 


tnout 


Two active icw cntp enapies. 3otn must De low to 
enaple accesses vta the MP! 


> rw 

1 


Input 


High indicates that a device wsr.es ;o read values > 
from the video chip. 1 

This signaJ should be staple while the zno is 

1 

enabled. j 


addr{n:0) 


input 


Address specifies one of 2 n locations m ihe crop's ' 
memory map. j 

This signal should o* staple while me cr.ro is 1 
ena&ied. : 


dataf7:0] 


Output 


8 btt wide data I/O pen. These pins are nigh 

1 

impedance if either enaole signal is Mgr.. I 


i 


Output 


An aenve low, open collector, interrupt recuest i 

) 

signal. J 



Table A* 6.1 MPI interface signals 
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A.6.2*-*»x electrical specifications 



Symbol | Parameter 


Mm. 


Wax. | Untis 


! v 30 j Supply vouage reiatrve to GNO 


■0.5 j 5.5 | V 


1 v :n j Input voltage on any pm 


GND-0.5 


V 00 *0.5 { V 


I ' * Ooeranng temperature 








Storage temperature | .55 j .150 | -c j 



Table A. 6.2 Absolute Maximum Ratings* 




a . 



b. 



Table A. 6 * 3 DC Operating conditions 

AC input parameters are measured at a 1.4V 
measurement level . 

with TBA linear ft/min transverse airflow. 



f 

| 3 y moot 


Parameter 


Min. 


Max. j Units 


j v Cl 


Output logic '0* voltage 




0.4 | V 


Vol* 


Open collector output logic *0* 
voltage 




0.4 


V 




Output logic T voltage 


2.4 


1 v ! 


'o 


Output current 


i 100 


1 UA 9 


1 

'Ooc 


Open collector output current 


4.0 8.0 | rr^ c f 


| h« 


Output off state leakage current 








Input leakage current 




r tO | jiA j 


'CO 


RMS power supply current 




SOO j rr> i 




input capacitance 




S | :r I 




Output / 10 capacitance 


h j s = , 



Table A* 6 . 4 DC Electrical characteristics 

^O- ^0<x nun- 

This is the steady state drive capability of 
the interface. Transient currents may be 
much greater. 

When asserted the open collector frq output 
pulls down with an impedance of 100H or less. 
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A. 6,2 ."T ^AC chara 



cteristi 



cs 




Th h MlCr6Pr ° CMS " ^f.„ reaa ti ning 

The cho.ce, in this example, of enaBTero, 
to start the cycle and SKaTO^ to end it 
xs arbitrary. These signal are of equal 
status. 

The access time is snpcifi^ * 
, specified for a maximum 

load of 50 p F on each of the data[7.0] 
Larger loads may increase the access time. 



10 



Num. 
33 


1 Charact«rrst»c 
1 Wn *« data set-up tim« 


Min. 


Wax. 


Unit j Notes 


34 


Write data hold dme 


0 


! ns i * 

\ n * 1 



Table A. 6. 6 Microprocessor 

. accessor interface write timing 

The choice, m this example, of enaHTefoj 
to start the cycle and e-naBTlTf i j to end 
it is arbitrary. These si gnal are of 

status. 
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A* 6.3 —Interrupts 

In accordance with the present invention, "event" is the 
term used to describe an on-chip condition that a user 
might want to observe. An event can indicate an error or 
5 it can be informative to the user's software. 

There are two single bit registers associated with each 
interrupt or "event". These are the condition event 
register and the condition mask register . 
A. 6 • 3 . 1 condition event register 
10 The condition event register is a one bit read/write 

register whose value is set to one by a condition occurring 
within the circuit. The register is set to one even if the 
condition was merely transient and has now gone away. The 
register is then guaranteed to remain set to one until the 
15 user's software resets it (or the entire chip is reset). 
- The register is set to zero by writing the 
value one 

• Writing zero to the register leaves the register 
unaltered * 

20 -The register must be set to zero by user 

software 

before another occurrence of this condition can 
be observed. 

The register will be reset to zero on reset. 

2 5 A* 6 * 3 • 2 Condition masX register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register(s) 
is (are) set. If the condition event is already set when l 

3 0 is written to the condition mask register, an interrupt 

request will be issued immediately. 
•The value 1 enables interrupts. 
•The register clears to zero on reset. 
Unless stated otherwise a block will stop operation 
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after ^eaerating an interrupt request and will re-start 

operation after either the condition event or the condition 

mask register is cleared. 

A • 6 • 3 . 3 Event and mask bits 
5 Event bits and mask bits are always grouped into 

corresponding bit positions in consecutive bytes in the 

memory map (see Table A. 9. 6 and Table A . 17 . 6 ) ♦ This allows 

interrupt service software to use the value read from the 

mask registers as a mask for the value in the event 
10 registers to identify which event generated the interrupt. 

A. 6. 3. 4 The chip event and mask 

Each chip has a single "global" event bit that 

summarizes the event activity on the chip- The chip event 

register presents the OR of all the on-chip events that 
15 have 1 in their mask bit. 

A 1 in the chip mask bit allows the chip to generate 

interrupts. AO in the chip mask bit prevents any on-chip 

events from generating interrupt requests. 

Writing 1 to 0 to the chip event has no effect. It will 
20 only clear when all the events (enabled by a 1 in their 

mask bit) have been cleared. 

A . 6 . 3 . 5 The irq signal 

The irq signal is asserted if both the chip event bit 

and the chip event mask are set. 
25 The irq signal is an active low, "open collector' 1 output 

which requires an off-chip pull-up resistor. When active 

the irq output is pulled down by an impedance of 100H or 

less . 

I will be appreciated that pull-up resistor of 
30 approximately 4kn-should.be suitable for most applications. 
A. 6. 4 Accessing registers 

A. 6. 4.1 Stopping circuits to enable access 

In the present invention, most registers can only 
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modified if the block with which they are associated is 
stopped. Therefore, groups of registers will normally be 
associated with an access register. 

The value 0 in an access register indicates that the 
group of registers associated with that access register 
should not be modified. Writing 1 to an access register 
requests that a block be stopped. However, the block may 
not stop immediately and block's access register will hold 
the value 0 until it is stopped. 

Accordingly, user software should wait (after writing 1 
to request access) until 1 is read from the access 
register. If the user writes a value to a configuration 
register while its access register is set to 0, the results 
are undefined* 

A, 6, 4 ,2 Registers holding integers 

The least significant bit of any byte in the memory map 
is that associated with the signal data[0]. 

Registers that hold integers values greater than 8 bits 
are split over either 2 or 4 consecutive byte locations in 
the memory map. The byte ordering is "big endian" as shown 
in Figure 55. However, no assumptions are made about the 
order in which bytes are written into multi-byte 
registers. 

Unused bits in the memory map will return a 0 when read 
except for unused bits in registers holding signed 
integers. In this case, the most significant bit of the 
register will be sign extended. For example, a 12 bit 
signed register will be sign extended to fill a 16 bit 
memory map location (two bytes) . A 16 bit memory map 
location holding a 12 bit unsigned integer will return a 0 
from its most significant bits. 
A. 6.4.3 Key ho led address locations 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
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"keyhotea". A "keyhole" has two .registers associated with 
it, a keyhole address register and a keyhole data register. 

The keyhole address specifies a location within an 
extended address space. A read or a write operation to the 
5 keyhole data register accesses the -location specified by 
the keyhole address register. 

After accessing a keyhole data register the associated 
keyhole address register increments. Random access within 
the extended address space is only possible by writing a 
10 new value to the keyhole address register for each access. 

A chip in accordance with the present invention, may 
have more than one "keyholed" memory map. There is no 
interaction between the different keyholes. 
A . 6 . 5 Special registers 
15 A* 6.5.1 Unused registers 

Registers or bits described as "not used" are locations 
in the memory map that have not been used in the current 
implementation of the device. In general, the value 0 can 
be read from these locations. Writing 0 to these locations 
20 will have no effect. 

As will be appreciated by one of ordinary skill in the 
art, m order to maintain compatibility with future 
variants of these products, it is recommended that the 
user's software should not depend upon values read from the 
25 unused locations. Similarly, when configuring the device, 
these locations should either be avoided or set to the 
value 0. 

A. 6 . 5 . 2 Reserved registers 

Similarly, registers or bits described as "reserved" in 
3 0 the present invention have un-documented effects on the 
behavior of the device and should not be accessed. 
A. 6.5, 3 Test registers 

Furthermore, registers or bits described as "test 
registers" control various aspects of the device's 
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testability . Therefore, these registers have no 
application in the normal use of the devices and need not 
be accessed by normal device configuration and control 
software . 
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SECTION A,7 Clocks 

In accordance with the present inventions, many 
different clocks can be identified in the video decoder 
system. Examples of clocks are illustrated in Figure 56. 
5 As data passes between different clock regimes within 

the video decoder chip-set, it is resynchronized (on-chip) 
to each new clock. In the present invention , the maximum 
frequency of any input clock is 30 MH^. However, one of 
ordinary skill in the art will appreciate that other 

10 frequencies, including those greater than 30MHz, may also 
be used. On each chip, the microprocessor interface (MPI) 
operates asynchronously to the chip clocks. In addition, 
the Image Formatter can generate a low frequency audio 
clock which is synchronous to the decoded video's picture 

15 rate. Accordingly, this clock can be used to provide 
audio/video synchronization. 
A. 7.1 Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially 
asynchronous) clock inputs: 



StgnaJ Name 


Input / 
Output 


Description 

1 


coded. clock 


input 


This c!ock controls eata transfer in to the coded caia 
port of the Spaaal Decoder. 

On-chip this clock controls tne processing of the 
coded data until it reaches the coded data buffer. 


decoder_etock 

i 

1 
1 


input 


The decoder ciock controls the majority of the i 
processing functions on tne Spatial Decoder. J 

The decoder clock also controls the transfer of data 
out of the Spatial Decoder thrcugn its outout pon. 



2 0 Table A. 7.1 Spatial Decoder clocks 
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A. 7 . 2 ^Temporal Decoder clock signals 

The Temporal Decoder has only one clock input: 



Signai Name 


Input / 
Output 


Description 


decod«r_ciocK 


Input 


The decoder clock controls all at the processor g 
functions on trie Temporal Decoder. 

The decoder clock also controls irans.'er of data <n \o : 
me Temporal Decoder tnrough its input port and out 
via its output pon. ] 



Table A* 7 .2 Temporal Decoder clocks 
A, 7.3 Electrical specifications 



Num. 


Characteristic 


30 MHz 


Unit 


t 

Note J 

I 


Min. 


Max. 


35 


Cock period 


33 ~[ 


ns 


I 


36 


Clock high penod 


13 




ns 




37 


Clock low period 


13 




ns 


i 



5 



Table A. 7. 3 Input clock requirements 
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Symbol 


Parameter 


Min. 


Max. 


Units 


VtH j Input logrc T voltage 


3.68 






Input logic *0" voitage 


GNO * 0.5 


1.43 


v I 


'OZ 


Input leakage current 




i to 





Table A.7,4 Clock input conditions 

A . 7 ♦ 3 . 1 CMOS levels 

The clock input signals are CMOS inputs. V tHnun is 
approx. 70% of V, )D and V ILmM is approx. 30% of V DD . The 
5 values shown in Table A. 7 . 4 are those for V IH and V IL at 
their respective worst case V DD . V D0 =5 , 0±0 . 2 5V, 
A. 7. 3. 2 Stability of clocks 

In the present invention, clocks used to drive the DRAM 
interface and the chip-to-chip interfaces are derived from 
10 the input clock signals. The timing specifications for 
these interfaces assume that the input clock timing is 
stable to within ± 100 ps. 
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SECTION A.8 JTAG 

As circuit boards become more densely populated, it is 
increasingly difficult to verify the connections between 
components by traditional means, such as in-circuit testing 
5 using a bed-of-nails approach. In an attempt to resolve 
the access problem and standardize on a methodology, the 
Joint Test Action Group (JTAG) was formed. The work of 
this group culminated in the "Standard Test Access Port and 
Boundary Scan Architecture", now adopted by the IEEE as 

10 standard 1149.1. The Spatial Decoder and Temporal Decoder 
comply with this standard. 

The standard utilizes a boundary scan chain which 
serially connects each digital signal pin on the device. 
The test circuitry is transparent in normal operation, but 

15 in test mode the boundary scan chain allows test patterns 
to be shifted in, and applied to the pins of the device. 
The resultant signals appearing on the circuit board at the 
inputs to the JTAG device, may be scanned out and checked 
by relatively simple test equipment. By this means, the 

20 inter-component connections can be tested, as can areas of 
logic on the circuit board. 

All JTAG operations are performed via the Test Access 
Port (TAP) , which consists of five pins. The trst (Test 
Reset) pin resets the JTAG circuitry, to ensure that the 

25 device doesn't power-up in test mode. The tck (Test Clock) 
pin is used to clock serial test patterns into the tdi 
(Test Data Input) pin, and out of the tdo (Test Data 
Output) pin. Lastly, the operational mode of the JTAG 
circuitry is set by clocking the appropriate sequence of 

30 bits into the tms (Test Mode Select) pin. 

The JTAG standard is extensible to provide for 
additional features at the discretion of the chip 
manufacturer. On the Spatial Decoder and Temporal Decoder, 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions allow a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For example, 
5 all device outputs may be made to float by a simple JTAG 
sequence . 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes, 
10 A. 8.1 Connection of JTAG pins in non-JTAG systems 



Signal 


Otrecnon 


Description 


trst 

i 


Input 


This ptn has an internal puil-up, but must De taken 
low at power-up even if me JTAG features are not 
being used. This may be achieved by ccnnecong 
trst in common with the chip reset pm reseL 


tdi 
tms 


Input 


These p<ns have internal pull-ups. ar.o .-.ay oe left 
disconnected if the JTAG circuitry is not Setng used. 


tck 


Input 


This p*n does not have a pufi-up, and sncuid be ttec 
to ground if the JTAG circuitry is not use<J 


tdo 


Curput 


High impedance except during JTAG scan j 
operations, ti JTAG is not bemg used. T.is pin may j 
be left disconnected. j 



Table A. 8.1 How to connect JTAG inputs 
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A. 8. 2— Level of Conformance to IEEE 1149. X 
A. 8.2.1 Rules 

All rules are adhered to, although the following should 
be noted: 



Rules 


(Description 


3.1.1(b) 


The trsl pin is provided. 


3.5.1(b) 


Guaranteed tor all pubtic instructions (see i££H 1U3.1 
5.2.1(0). 


5.2.1(c) 


Guaranteed (Of ail public instructions. For some private 
instructions, trie TOO ptn may be acove during any of trie 
states Capture-DR, Exttt-OR. £»t-2*0R & Pause-OR. 

i 


5.3.1(a) 


Power on-reset is achieved by use of trie trst ptn. | 




A code for tfte BYPASS instruction is loaded in tne 7est-Loc,>c- j 
Reset state. ■ 


7.1.1(d) 


Unallocated instruction codes art eaurvaient to 3YPASS. ■ 


7.2.1(c) 


Thef e is no device 10 register. ! 



5 



Table A. 8 « 2 JTAG Rules 
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Oescncuon j 


7.3.1(5) 


Stngie-step operation recuires erernai control of ?« system 
clock. 


7 9 1{...) 


There is no RUNStST fadify. 


7.11. 


There is no iCCOOE instruction 


7.12.H-..) 


There is no USERCODE instruction. 


3.1.1(6) 


There is no cevce identification register. 


3.2.1(C) 

i 


Guarantees .'or all ouciic :ns sructions. The ac carer: 'ength o( 
the path Jrom tai to tdo may change under certain 
circumstances wnde private instruction codes are loaded. 


3.3.1(4-0 


Guaranteed for afi public instructions. Oata may D< loaded at 
times other than on the rising edge of tck wntle cm/ate 
instructions codes are loaded. j 


10.4.1(e) 


During tNTEST, the system clock pm must oe condoned 
externally. 


10.5.1(C) 


During tNTEST. output pins are controlled cy cata sntfted m via j 
tdi. j 



Table A. 8, 2 JTAG Rules 
A . 8 . 2 . 2 Recommendations 



Recommendation 


Description { 


3.2,1 (b) 


tck is a rttgfwmpedance CMOS input. j 


3.3.1(c) 


tms has a high impedance p\jU-up. | 


3.6.1(d) 


(Applies to use of chip). j 


3.7.1(a) 


(Apoties to use o* chip). [ 


6.1.1(e) 


The SAMPLE/PRELOAD instruction code is leaded Curing I 

i 

Capture-! R. ! 

j 


7.2.1(0 


The INTHST instrucoon is supposed. | 


"7.1(g) 


Zeros are loaded at System output pins during EXT c ST. j 


7.7.2(h) 


Ail system outputs may Be set hign-imoedarce. J 


7.3.1(0 


Zeros are loaded at system inout pins during INTEST. 


8.1 t(d.e) 


Design-specific :est cata registers are not puoiiciy accessible. ' 



Tabie A.8.3 Recommendations met 




Recommendation 


Description 


10.4.1(f) 


Ourinc, SXTEST, trw s^nai driven into the on-chip logc from 
the system dock pin is that supplied txiemalty. 



Table A.8*4 Recommendations not implemented 
A»8.2 .3 Permissions 



Permissions 


Description 


3.2.UO 


Guaranteed for ail public instructions. 




The tnstrucson register ts not used to capture des^n-specirc ; 
information. j 


7.2.1(g) 


Several additional public instructions are provieea. : 


7.3.1(a) 


Several private instruction codes are allocated. j 


7.3.1(c) 


(Hule?) Such instructions codes are documented. 




Additional codes perform identically to BYPASS. ! 


10.1. 


Each outout pm has its ovm 3-state control. | 


10.3.1(h) 


A parade f latch <s provided. ' 


10.3 A (i.j) 


Ourinc, SXTEST, input pins are controlled by data sntrted m via j 

t 

tdt. i 


iQ.S.l(d.e) 


3-state ceils are not forced inactive m the Test- Logic -Seset } 

i 

state. j 



Table A. 8. 5 Permissions met 
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SECTfGN A.9 Spatial Decoder 

• 3 0 MH 7 operation 
•Decodes MPEG, JPEG & H.261 

• Coded data rates to 25 Mb/s 
5 -Video data rates to 21 MB/s 

• Flexible chroma sampling formats 
■ Full JPEG baseline decoding 
•Glue-less DRAM interface 

• Single *5V supply 

10 -208 pin PQFP package 

•Max. power dissipation 2 . 5W 

• Independent coded data and decoder clocks 

• Uses standard page mode DRAM 

The Spatial Decoder is a configurable VLSI decoder chip 

15 for use in a variety of JPEG, MPEG and H.261 picture and 
video decoding applications. 

In a minimum configuration, with no off-chip DRAM, the 
Spatial Decoder is a single chip, high speed JPEG decoder. 
Adding DRAM allows the Spatial Decoder to decode JPEG 

20 encoded video pictures. 720x480, 30Hz, 4:2:2 "JPEG video" 
can be decoded in real-time. 

with the Temporal Decoder Temporal Decoder the Spatial 
Decoder can be used to decode H.261 and MPEG (as well as 
JPEG). 704x480, 30Hz, 4:2:0 MPEG video can be decoded. 

25 Again, the above values are merely illustrative, by way 

of example and not necessarily by way of limitation, of 
typical values for one embodiment in accordance with the 
present invention. Accordingly, those of ordinary skill in 
the art will appreciate that other values and/or ranges may 

3 0 be used. 



223 



A* 9,1 Spatial Decoder Signals 

Si$naJ Na/ne 




data {7.0] 


0 


1S2. 15!, 149. 147, 14S, 143, 141, 
140 


See section a.6a 


irq 


0 


154 




ORAM_cata{3l:0J 


I/O 


15.17,19.20,22.25,27.30,31. 
33. 35, 38, 39, 42 44 47 49 cr 

59,61.63,66, 68. 70. 72.74,76, 
79.81,83. 84, 85 


ORAM lnt«rfiir-* 
See section A.5.2 


DRAM_addr{lO:0] 

I 


0 


184, 186, 138. 189. 192, 193, 195, 
197. 199,200,203 




| RAT 


0 


11 




j CAS[3:03 


0 


2, 4, 6, 8 




j wl 


0 


12 






0 


204 




J DRAM.enaeie 

r ' 


I 


112 




j out.sa*j(8;0) 


o 


88. 89. 90, 92, 93. 94, 95. 97. 98 


Output Port. 


[ out_«xtn 


0 


87 






o 


99 


See seeflon a.4. 1 


. Ci-t_ac=ept 


f 


100 




tcx 


1 


115 


STAG port 




1 


116 


See section A.8 


tco 


o 


120 




f 


117 


1 


trst 


1 


121 





Tabte A.9.1 Spatial Decoder signals 
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Signal Name 


to 




Pin Number 


Desertion j 


deead«r_eloek 


1 


177 




The mam oecodef doc*. See section 
A.7 


reset 


1 


160 


Reset. 



Table A.9.1 Spatial Decoder signals (contd) 



Signal Name 


I/O 


Pin Num. 


(Description 


tpnoish 


1 


122 


If override * 1 then tphOish and tph 1 isn are 
inputs for the on<hip cv*o phase clock. 

For normal operation set override * 0. 
tphOish and tphtish are ignored (so connect 
to GND or V 00 J. 


tphlish 


1 


123 


override 


1 


110 


chip test 


1 


111 


Set cftiptest x 0 for normal operation. 


Hoop 


i 


114 


Connect to GND or V 00 dumg normal 
operation. 


ramtest 


1 


109 


If ramtest * t test of trie on-chip RAMs is 
enabled. 

Set ramtest * C tor normal operation. 


pHse*e ct 


t 


178 


If pttseiect = 0 ;ne on-chip phase locked 
loops are disabled. 

Set pflsefect = 1 tor normal operation. 


ti 


1 


180 


Two docks required tty ne DRAM interface 
during test operation. 

Connect to GND or V 00 dutng normal 
operation. 


tq 


1 


179 


pdout 


0 


207 


These two pins are connections for an 
external fflfcr tor the phase lock loop. 


pdin 


1 


206 



Table A.9.2 Spatial Decoder Test signals 




DRAM_acdr(01 


203 


daia{6) 


151 


out.vai.d j 99 ;oRAM.:a:aii5; U 7 


VOO 


202 


nc 


150 


out_data(0} 98 jnc '46 


nc |20l |dara(S] 


149 


out_dara(t] 


97 |GN0 i$ 


ORAM_afidr(i] 


200 


nc |t48 


GNO 


95 |DflAM.cata(i7] ]ju 


ORAM_addr{2] 1 1 $9 


data<4} 


147 


out.dau(2] 


95 


nc j 43 ! 


GNO 


196 


GND 


146 


out.dataf3] 


94 jORAM_cata(i8) [42 | 


DRAM_addr(3] 


197 |data(3] 


US 


out_data(4] 


93 (VOO | 4 : 


nc J 196 |ne 


144 jout_data(5] 


92 Inc 


0RAM.addr(4] [195 |daia{2] 


143 


VOO 


91 jORAW_da:a(i9j {39 j 


VOO 


194 


nc 


142 


out.data(6] 


90 |DRAM.daU{2Q| ,'38 J 


ORAM_addr{5] 1 193 


da:a{i] 


141 


out_data(7] 


89 


nc !37 i 


t DRAM_aodn;6] 1 92 j data(0] 


140 


out_data(8] 


S8 | GNO j36 ( 


nc 


191 


nc 


139 lout.extn 


87 DRAM_ca:a(2lf 135 ; 


|gno 


190 


VOO 1 138 


GNO 


80 Inc I34 j 


CRAM_addr[7] 


189 


nc 


137 


ORAM,data(0] 1 85 |DRAM_da:a!22J \22 \ 


ORAM_acor(3l 


188 |addr(6I 1 136 


ORAM.daia(l] 


84 


VOO ! 32 j 


VDD 187 


**15J |135 


ORAM.data(2l 


— — — — 1 

83 |DRAM.data(23I 31 j 


0RAM_addr(9] 


186 


GNO 


134 


VOO 


82 


DRAM_daiaf24| 30 


nc 


185 


addr{4} 


133 


ORAM_data(3] 


81 |nc (29 1 


CPAM_adOfti01 


184 


«ddr{31 132 


nc (so 


GNO leg j 


(gno 


183 


addr[2] 


131 


0RAM.dau(4} 


79 j DRAM_cata(2Sl ;27 , 


j cooed _ciock 


182 


addr(l) 


130 


GND 


7B 


nc 125 ) 


|VOD 181 


VOO 


129 


nc 


n j ORAM.daia(2S| |25 ( 


| tes: 


180 


addr(0] 


128 


DRAM_oata(5] 




nc j 24 j 


| (est Dtn 


179 


enaoie(01 


127 


1 75 VOO 1 23 




126 


0RAM.data(6) j74 


DRAM.-aiattT] '22 


| decoder^ciocx 


177 


rw 12s 1 


✓DO 1 73 nc \2\ 


|t>y:«_moce j 176 j GND , 


24 I 


DRAW_data(7] 72 


DRAM_cataf29| .20 


GND |, 7S 


est otn 1 


23 r 


ic |71 jORAM_daia{29] |i9 


coded.eTtn 


74 | 


est pin ' 1 122 C 


3RAM_data(8] |to (GNO |:3 



Tabte A.9.3 Spatial Decoder Pin Assignments 




Tabte A.9.3 Spatial Decoder Pin Assignments 
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j 

i 5-cnai Name 

i 


Pin 


S^nai Name 


| Pin 




i _ 




j Stgnai Name 


! m 


i 






121 


GNO 


1 69 


jGPAM.saiapC! 


i' 7 


I 


j codec _eata(7] 


172 






DRAM_daia(9| 


68 


nc 


! 15 


i 


*-Gded catafSl 




nc 


1 1 9 


nc 


j 6 7 


jcRAM_cata(3i] 




i 
i 


j VOO 




vuu 


118 


DRAM_datt(10J 


1 66 


jvDO 


u j 


i ^cec^catajjf 


1 59 


Cms 


117 


VOO 


55 


nc 




j 




168 


tdi 


116 


nc 


1 64 


1 7» 

JvvS 


!«» 


i 

1 


~2cec_cata(3j 


167 


tc* 


115 


0RAW,d*a(n| 


I 

63 




n 


1 


coded_data{2] 


166 


ttst pin 


114 


nc 


52 


nc 


10 






165 


GNO 


113 


DRAM.datt(l2! 


6! 


GNO 


9 


1 


jcoded_ca:a(t] 


164 


DRAM_enaWe 


112 


GNO 


50 


CaS(0| 


i 

3 ! 




163 


test pin 


111 


0RAM.dau(l3l 


59 


nc | 7 ; 


Icoced .vaiid 


162 


test pin 


110 


nc ! 


53 




5 




ccced.accect 

t 


161 


test pin 


109 


ORAM_data(U| j 


57 


voo ;s 


I 

i 


'reset 


160 


nc 


106 


VOO j 


* 


Ca5(2| |4 


I 


jVOO 


159 


nc 


107 


nc | 


S5 


nc |3 




r.c 


158 


nc 


106 


nc 


54 


Ca5(3| 2 




nc 


157 


nc 


105 


nc | 


» I 


«c ji 







Table A. 9. 3 Spatial Decoder Pin Assignments (contd) 

A. 9. 1.1 "nc" no connect pins 

The pins labeled nc in Table A. 9. 3 are not currently 
used these pins should be left unconnected. 
A. 9. 1.2 v l)( , and GND pins 

As will be appreciated by one of ordinary skill in the 
art, all the V m , and GND pins provided should be connected 
to the appropriate power supply. Correct device operation 
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canno^b* ensured unless all the V ou and GND pins are 
correctly used. 

A* 9 « l * 3 Test pin connections for normal operation 

N r ine pins on the Spatial Decoder are reserved for 
5 internal test use. 



| Pin numoer 


Connection 


t 
1 


Connect to GNO for norrral ooeracion 


i 


Connect to V 00 for normal ooerauon 


! 


Ueive Open Circuit tor mcrrnai oceraucn 1 



Table A . 9 . 4 Default test pin connections 



A. 9.1.4 JTAG pins for normal operation 

See section A. 3*1* 
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A. 9 • 2 ^Spatial Decoder memory map 



Addr (hex) 


Register Name 


See taoie 


OacOO... 0x03 


Interrupt servic* area 


A.9.S 


0x04 ... 0x07 


Input circuit registers 


A.9.7 


0x08 ... OxOF 


Start code detector registers 


0x10 ...0x15 


Buffer start-up control registers 


A.9.8 


0x1 6. ..0x17 


Not used 




0x18... 0x23 


DRAM interface configuration registers 


A.9.9 


0x24 ... 0x26 


Buffer manager access and keyhole registers 


A.9.tC 


0x27 


Not used 




0x28 ...0x2F 


Huffman decoder registers 


A.9.13 


0x30 ... 0x39 


Inverse quantiser registers 


A.9.14 


Qx3A...0x3B 


Not used 




Qx3C 


Reserved 




0X30 ... 0x3F 


Not used 




0X40 ... 0x7F 


Test registers 





Tabte A.9.5 Overview o1 Spatial Decoder memory map 
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Addr. 


Srt 














(hex) 


num. 


Register Name 


Page references 


c*oo 


7 


cftt P.tvent CED_EVENT_0 \ 




6 

c 


notgsed j " 



SCO. !LL£GAl_ t£A/ G 7H_ COU/VT 



reserved may read i or 0 
$CO-JP£G_OVERUPPtNG_START 



overtapping_sart,event 
$C0-HON_JPEG„QVERLAPPtNG„$7ART 



unrecogni*ed.$un,event 

$CO-UH*SCOGM$£D_START 



stop_aft«r_picnjre_eve-m 
$CD_STOP_AFTER_ PICTURE 



non.aiigned^surt^event 
SCD_MON_AUGHED^$TAA T 

not used 

WegaJ_tengtft_coum,mask 



3 
2 
1 



reserved write 0 to this location 
$CO-JPEG_OVERUPP(NG_STAPT 



0x02 



0 
7 



nonJpeo^c-^rtappmg^ttan.masK 



unrecognfsed,san.masi< 



«op_after_p*cture_ma*k 



non.af<gr»ed,st>n.mask 



6 
5 



idct.too.few^event fDCT_DEFF_NUM 



idct.too.many.event tDCT_$UPER_NUM 



«ccept.ena*«_ev«nt BS^STREAM_ END Fwrvr 



ttrget,m«t.ev«m 55, 7XjRG ET_ M£T_ EVENT 



Table A.9.6 Interrupt service area registers 




1 


3 


coonter.«ush*d.ioo.«arty.«v«nt 




1 

i J 








! 2 


counter.flushed.event 8S_FLUSH_EVENT 




: i t 


parser.event DEMUX_EV£NT 






hutfman_event HUFFMAN _ EVENT | 
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o 

m 
M 

M 

ry 
m 

m 

= 

o 

m 

a 
o 





Brt 








num. 


Register Name 


Page references 


0x03 J 7 


1 Idct_ioo_(ew_ma$* i 




6 


idct_too_many_m«k 






5 


aec«pt_enai>(«_m«* 






4 


Urger.met.mask 






3 


counter..flushed_too_«arly_m*sk 






2 


counter_«usf»ed_m«k 






1 


pars«r_m*sk 






0 


hutfm«n_mesk | 



Table A. 9. 6 Interrupt service area registers (contd) 
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Adar. 
(hex) 


Bit 
num. 


Register Name 


Page references 


0x04 


7 


cod«d_bu$y 






6 


*naWe_mpiJnput 






5 


coded.ertn 






<:0 


tot used 




j CxOS 


7:0 


coded,data j 


| 0x06 




not used i 


| 0x07 


7:0 


not used j j 


1 0xC8 


7:1 


not used 






0 


*»rt_cod€.deteciof_*ccess 
also input_c(rcurt_access 
C£0.SCfiL4CC£SS 




0x09 


7:4 


not used CED_SCD^ CONTROL 






3 


stop_atter_p«cture 






2 


discard.exunslon.data 






t 


discard.user.data 






0 


ignort.non.tiigned 




OxOA 


7:5 


not used CED_SCD_STATVS 






4 


insen.seq uence.sta rt 






3 


discard _a!l_daia 






2:0 J 


start _code_search. | 





Tabte A.9.7 Start code detector and input circuit registers 




Addr. 
(hex) 


5>t 
num. 


Register Name 


Page references 


OrOS 


7:0 


Test register Jengtii.count 




OxOC 


7:0 


OxOO 


12 


not used 




1:0 


star1_eod«_d€ lector. coding_standard 




0xO£ 


7:0 


start_v*iu« 




OxOF 


7:4 


not used 




3:0 


plcture.numfrer 





Table A«9.7 Start code detector and input circuit registers (contd) 



ACtt. 


3a 
num. 


Register Name 


Page references 


0x10 


7:1 


not used 






0 


startup.eccess CED.BS^ACCESS 




0x11 


7:3 


not used 






2:0 


oit_count_pn«c«*« CSD^BS^PBESCALE 




0x12 


7:0 


bit_count_Ufget C£D_3S_ TARGET 




0x13 


7.0 


5it_count CEDjBS_COUNT 






7:1 


not used 






0 


ottcftip.queue CED_BS_QUEUE 




0x15 


7:1 


not used 






0 


enaWe^strearn CED_BS_ENABLE_NXT_S7M 





Tabte A.9,8 Butter start-up registers 




(hex) 


SK 
num. 


Register Name 


Page references 


0*t8 


7:5 


not used 




4:0 


page_«artj«ngtft 

C£D_/T_ PAGg_$TART„L£NG TH 




0x19 


7 4 


not used 




3:0 


read.eycte.iengtii 




OxtA 


7:4 


not used 




3:0 


write.CYCfc.Jengtn 





Table A.9.9 ORAM interface configuration registers 









Aocr 
(hex 


Bn 
num. 


Register Nam« 


Page references 


One 




not used ~~ , 
— t . 1 




J 3:0 


rtfftsh.cyc*#.*«ngth 




QxfC 


7;4 


not used 




i 

i 


3.0 


CAS Jading j 


CxlD 


7:4 


J not used 


i 


3:0 


RASjalling 




Oxl E 


7:1 


not used 


( 




fnterfact.iJming^aecess 


. I 


0x1F 


7:0 


ftfntshjnterval 




0x20 


7 


not used 




5:4 


DRAM_addr_strengtnf2:0] 




| 3:, 


CAS_strtngffi{2:0] 




I o 


*AS_strtngth(2] 




0x21 


7:6 


RAS.*trtngth{1:0J 




5:3 


OEWE_«r«ngth[2:0) 




2:0 


0RAM_data_*tr«ngtft(2:0] 


. — i 

i 


0x22 


7 


ACCESS bit for pad strength ttc ?no« 
usedCro, OflAiW, CONFIGURE 




6 


iero.buffer* 






5 


0RAM.«nat>#6 


i 


4 








3:2 


row.addr«ss_olts{ 1 :0] 






1:0 


ORAM.data.w^dtfttlcOJ 




0x23 


7.-0 


Test registers CED_PU^RES_COMFtG 




Tabie A.9., 


9 ORAM interface configuration registers 


(contd) 


Add*, 
(hex) 


Sit 
num. 


Register Name f 


5 age references 


0x24 


7:1 ) f 


tot used 




0 t 


>uffer_maruger_aecess j 


0x25 


7:6 n 


ot used | j 




5.0 t> 


uffef,marxa9er_keyhoie_addfess J | 


J 7:0 b 


un>r_rrwnjger_keyfto4e_data 1 j 



A.9.10 Butter manager access and keyhole registers 



Addr. 
(hex) 


on 

num. 


Register Name 


Page references 


0x00 


7.-0 


not used 




0x01 


72 








1.*0 


cdfc..b«e 




0x02 


7:0 






0xC3 


7.-0 






0x04 


7:0 


not used 




0x05 


T2 








1:0 


cdb_iength 




0x06 


7*0 






0x07 


7:0 






0x08 


7:0 


not used 




0x09 


7:0 


cdo.read 




OxOA 


7*0 








7*0 






OxOC 


7:0 


not used 




OxOO 


7*0 


cdb_n umber 




0x0£ 


7 -A 

' .w 






OxOF 


/ .u 






0x10 


7:0 


nrtf ttCArf 

IIwl UKw 


_ 


0x1 1 


7^) 


tfc bese 






7;Q 






UI I o 








0x14 


7:0 


not irsnrj 




0x15 


7:0 






wl ID 


/.w 






UX 1 / 


/.V 






0x18 


7:0 


not used 




- 0x19 


7:0 


tl) reed 




0x1 A 


7:0 






0x1B 


7:0 






OxlC 


7-0 


not used 




0x10 


7:0 


Jfi^numbtr 




0x1E 


7:0 






OxlF 


710 







Table A.9.11 Buffer manager extended address space 
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num. 


Regtstef Narr* 


Page reference 


0x20 


7:0 


not used | 


0x21 


7:0 


butferjimit 




0x22 


7:0 


0x23 


7:0 


0x24 


7:4 


not Used 




3 


edbjuli 




2 


cdb.empty 




1 


ttojull 




0 


tb.empty 





TabJeA,9.11 Buffer manager extended address space (contd) 



Addr. 
(hex) 


8 ft 
num. 


Register Name 


Page references 


0x28 


7 


demux.access CED_H_CTRL{7] 




6:4 


huffm«n_error_code;2:0] C£0,H^CTRL[6:4l 


i 


3:0 


prrvtte ftuftman control bits [3] selects special 
CBP, [2] sefects 4/e bit fixed length C8P 




0x29 


7* 


perser.error.eode C£D_ H_ OMUX_ ERR 




0x2A 


7:4 


not used 




3:0 


demux.keyttote^eddreas 
C£D_H„KEYHOL£_AODR 




0x2S 


7.-0 


0r2C 


7:0 


detnux .h«yno*e_dJtai C£D_h_k£YHOL£ 




0x20 


7 


dummy J*st_pictUT« CED.H^tLLHfGO, 




€ 


fietd Jnfo C£O_H_ALU„REG0, /_/?«/(?_ »n to. Srr 




5:1 


not used 




0 


continue CED_H_ALU_R£G0 t r_con&nue_5rf 




0x2E 


7:0 


rorrwevfeion C£D„H_ALU_R£G1 




0x2F 


7:0 


pnvtte register 





Tabte A.9.12 Video demux registers 
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(hex) 



0x2F 



8n 
num. 



Register Name 



CHO.H.TRAC E . E V £N Twn« Itosmgfes!eeone 
will * read wh« n ^ slep ^ ^ eow p)e , ed 
CEO.H.TRACE.MASK «( (0 on* t0 «n te , ^ 
step mod* 



CHO.H.TRACE.RST paniai reset when 
1.0 

not used 




sequenced 



Table A. 9 . i 2 Video demux registers (contd) 



ACCr. 
(^*) 


Bit 
nurn. 


Register Name 


Pa?e references 


CxOO 
CxOF 


7:0 


not used 




OxlO 


7:0 


horiz_peis r_hon2_peis 




0x11 


7:0 




0x12 


7:0 


vert_peis r^veru^is 




C*I3 


7:0 


i CxU 
i 

1 


72 


not used 




1:0 


buffcr.siza r_butter_si26 




j CX15 


7:0 


j 0x16 

i 

t 


7:4 


not used 




3:0 


pel.aspect /u>e/_^specf 




0x17 


12 


not used 




1:0 






Cx18 


7:0 


0x19 


7:0 


CxIA 


7:4 


not used 




3:0 


pJc.ntte r_pfc_ra(e 




OxIB 


7:1 


not used 




0 


constrained r^consmined 




OxiC 


7:0 


picture.type 




Ox:D 


7:0 


h261_p*c_type ' 





Table A.9.13 Video demux extended address space (Sheet 1 of 8) 
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j Addr. 
1 {^) 


Bit 
num. 


Register Name 


Page references 


OxlE 


72 


not used | 


1:0 


brofcen.dosed 




OxlF 


7:5 


not used 




4.-0 


pred iction.mode | 


0x20 




vov_delay 




0x21 


7:0 


! 

0x22 


7.*0 


private register MPEG fuil_pef_fwd, JPEG 
pending_frame_change 




0x23 


7:0 


private register MPEG full^peLbwd, JPEG 
festarL'ndex 




0x24 


7:0 


private register hori2.mb.copy | 


0x25 


7:0 


plc.numoer 




0x26 


7:1 


not used 




1:0 


max.h 




0x27 


7:1 


not used 




1:0 


max_v 




0x28 


7.D 


pnvate register scratch 1 






7:0 


pnvate register scratch2 




0x2A 


7:0 


private register scratcn3 j 


0x23 


7:0 


Nf MPEG unused 1. H261 ingob 




Ox2C 


7:0 


private register MPEG flrsLjroup, JPEG ftrst.scan 




0x20 


7:0 


private register MPEG fn_pcnjre 




Ox2E 


7 


dummy_te stricture r^rom ^control 




6 


field Jnfo 




5:1 


not used | 


0 


continue 




0x2 F 


7:0 


forfl_revtsion 




0x30 


72 


not used 




1:0 


dc.hutt.O 




0x31 


7:2 


not used 


1 
I 


1:0 


dcjurff J 




0x32 


72 


not used | 


1:0 


dc.hutf.2 
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Addr. 
(nex) 


Bit 
num. 


R«gtsi«f Name 


Page references 


0x33 


75 


not used j 


1:0 


dc_huff_3 j i 


0x34 


72 


not used 




1:0 


ac.huff.O j 


0x35 


72 


not used 




1:0 


ac_nuff_1 




: 0x36 


72 


not used 


i 


1:0 




i 


0x37 

1 


72 


not used 


1 


1:0 


»c_hutf_3 






! 0x38 

t 

I 


72 


not used 






1:0 


tq_0 rjQjO 






J 0x39 


72 


not used 






1 

t 


1:0 








0x3A 


72 


not used 






1:0 


tq_2 r_tQ_2 






0x3S 


72 


not used 




1:0 


tq.3 rjq_3 j 


Ox3C 


7:0 


compon*nt_nam« J5 r_c_0 




0x30 


7:0 


component.name^l r.c_f 




0x3£ 


7:0 


component_name.2 ^c_2 




0x3F 


7:0 


compon€nt_n*me_3 r_c_3 




0x40 
0x63 


7:0 


private registers 




0x40 


7:0 


r_dc_pred„0 




0x41 


7:0 






0x42 


7.-0 


r.dc.pred.l 




0x43 


7:0 






0x44 


7:0 


r_dc _pred_2 




0x45 


7:0 




i 




0x46 


7:0 


f_dc_pred„3 


i 


0x47 


7:0 








0x46 
0x4F 


7:0 


not used 


I 

\ 
i 

I 

t 
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■ Adtfr, 
(hex) 


Brt 
num. 


Register Name 


Pac;e references 


' 0x50 7:0 


r^prev^mhf 




. 0*51 


7:0 






' 0x52 


7:0 


f_prev_rnvf 




, Cx$3 


7.0 




! 0x54 

i 


7:0 


r_pfev_mh& 




i 0x55 


7:0 






0x56 


7:0 


f_prev_mvb 






0x57 


7:0 






0x58 
0x5r 


7:0 


not used 






0x50 


7:0 


r_honz_mtcnt 






0x51 


7:0 






0x62 


7:0 


f_veo_mtcnt 




0x63 


7.-0 




0x64 


7:0 


honi.macro&locks f_horu_mes 




t 


0x65 7:0 




0x66 


7:0 


v«rt.macTOt5iock$ r_veft„mbs 




0x67 


7:0 






0x68 


7:0 


pnvate regtster f.restarucnt 




0x69 


7:0 




0x6A 


7:0 


restartjntervet r.restarUnt 




0x68 


7:0 






0x6C 


7:0 


private register r_bik w h_cnt 


0x60 


7:0 


private register r_t><k_v_cnt 




0x6c 


7:0 


private register r.compid 


i 
f 


0x6F 


7:0 


max.compooentjd r - max..eompid j 


0x70 


7:0 


coding_standafd r_eoding_std ! 




j 0x71 


7:0 


private regtster f_panern 


i 


1 0x72 

t 


7:0 


private regtster r Jwd.r.siz« | 


| 0x73 


7:0 


prtvate register r_bwd.r_size j 




0x74 
0x77 


7:0 


not used 




0x78 


12 not used 




1:0 | Wocks.h.O rJHk.h.O 
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Stt 










(h€X) 


num. 
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Register Name 



0x79 



7:2 



1:0 



0x7A 



0x73 



72 



not usea 



bfocks.h.i /.bJk.h.t 



not used 



1:0 



7-2 



1:0 



0x7C 



72 



blocks. h_2 r_t>ik_h.2 



not used 



blocks.h.3 r.bik_h_3 



not used 



1 :0 blocks. vj5 r_blk_v_0 
72 



Pag* references 



0x70 



0x7E 



1:0 
72 



1:0 



not used 



blocks_v_i f_blk_v_i 



not used 



blocks, v_2 i_bik_v_2 



0x7F 


72 


not used 


1:0 


blocks.v.3 r_bfk_v_3 




Cx7F 
Qxfr 


7:0 


not used 




CxlOO 
CxlOF 


7.0 


dc_brts_0[15:0] CED_H.KEY_DC_CPBO 




0x:;0 
OxIlF 


7.0 


dc.brts.1(15:0} CED_H_KEY_DC_CPB1 


! 


0x120 
0x13F 


7.-0 


not used 




OxUO 
0x14F 


7.-0 


ac.bits.0(15:OI CEO_H.KEY.AC.CP80 


I 


0x150 
0x1 5F 


7X1 


*c.brts.1[l5:0} CED.H.KEY.AC.CP8 1 




Ox 160 
0x17F 


7:0 


not used 




0x180 


7.0 


dc.zssss.O CSO.H.K£Y.2SSSS.INO£X0 




0x1 8T J 7:0 


dc.rssss.1 CED.H.KHY.ZSSSSJNOEX1 




0x182 
0x187 


7:0 


not used 


1 

1 


0x188 


7:0 


ac.eod.O CED.H.KHY.E06JNDEXO 


i 
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0x300 
0x2AP 



ac_huffvau ( i6l:0] C£D_HJ<EY_ACJTOO_ 



0x330 
0x38F 



0x3C0 
Qx7FF 



7:0 



dc.huftv, L i (11:0j CcD.H.KEY.OCJTOO. 



0x800 
OxAC 
F 



7,*0 



0x300 
OxSOF 
0x810 



7:0 



7.*0 



not used 



pnv»te registers 



C£D.K£Y.TC05Fr.CP8 



CE0.KEY.C8P.CPS 
CED.KEY.MSA.CPS 
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Addr, 


8ft 
num. 


Register Name 


I Page references 

i 
i 


OXAC 

S 


7:0 


CHD_KEY_0MX..WOR0_8 J 

i 


OxAC 
9 


7:0 


CED_KEY_CMX_WOAO„9 




A 

OxAC 
S 




not used 




OxAC 
C 


7:0 


CSD.KHY.DMX.AINCR 




OxAC 
0 


7:0 






OxAC 

i 

s 


7:0 


CED.KEY.DMX.CC 




OxAC 
F 


7:0 




[ 

I 

) 
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Aodr. 
(hex) 


Bit 
num. 


Register Name 


Page references 




7M 


not used 




0x30 


7:1 


not used 


I 




0 


lq_*ccess j 


0x3 1 


72 


not used 






1:0 


iq_eeding_saneard j 


0x32 


7:5 


not used 






4:0 


test register tq_scaie 




0x33 


72 


not used | 




1:0 


test register iq_cornp orient 




0x34 


72 


not used 






1:0 


test register invers*..quantiser - predic:ion_mode 


i 


0x35 


7:0 


test register |peoJnd*rection 


i 


Table A.9.14 Inverse quantiser registers 



Aodr. 
(hex) 


Srt 
num. 


Raster Name 


?a;e references j 

i 


0x36 


72 


not used | | 




1:0 


test register mpegjncirection j j 


0x37 


7:0 


not used j 


Cx3S 


7:0 


iq_tabi«_*eynoJe_acdfess j 


I 


0x39 


7.0 


iq_table_keyrioie_data | 


t 

! 



inverse quantizer registers (contd) 



ACCt. 
(hex) 


Hester Narr.e 1 ?a; , ft , tftPCM j 


0x00:0x3F 


JPEG Inverse quantisation taoie 0 
MPEG default intra table 


f 

! 

1 
1 

j 

j 

i 

i 

i 
i 


0x4O:0x7F 


JPEG Inverse quantisanon table 1 
MPEG default norvmtra table 


0xSO:0xSF 


JPEG inverse quanusaaon table 2 

MPEG down-loaded intra table j 


0xC0:0xFr 


JPEG inverse cuanesaoon table 3 

MPEG down-loaded non-mtra table 
— — I 
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SECTION A- 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
5 existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector* 

Consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 
• The coded data input port 
10 -The microprocessor interface (MPI) 

The choice over which route (s) to use will depend upon 
the application and system environment* For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
15 do the system bitstream de-multiplexing. In this case, it 
may be possible to do the coded data input via the MPI . 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
2 0 mixture of MPI and coded data port input. 
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A.lO.k- She coded data port 



Signal Name 


Input/ 
Output 


D«cnctJon 


toded.cioek 


input 


A dock operating at up to 30 MHz controlling re 
operation of the input circuit. 


coded_data(7:0J 


Input 


The standard it wires required (o implement a 
Token Port transferring 8 tut data values. See seccon 
A.4 for an eiectncai descnpoon of this 
interface. 

Circuits otf<hip must package Tie coded data trio 
Tokens. 


coded.extn 


Input 


coded_v»(id 


Input 


coded^accept 


Output 


byte .mode 


input 


When high this agnal indicates that information is ;o 
oe transierred across the coded data port »n pyre 
motfe rather than Token motfe. 



Table A. 10.1 coded data port signa 
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The^coded data port in accordance with the present 
invention, can be operated in two modes: Token node and 
byte mode. 



A. 10. l.l Token mode 

5 In the present invention, if byte_mode is low, then the 

coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valid and 
coded_accept . See section A. 4 for details of the 
electrical operation of this interface. 

10 The signal byte_mode is sampled at the same time as data 

[7:0], coded_extn and coded_valid, i.e., on the rising edge 
of coded_clock. 
A. 10. 1.2 Byte mode 

If, however, byte_mode is high, then a byte of data is 

15 transferred on data{7;0] under the control of the two wire 
interface control signals coded_valid and coded__accept. In 
this case, coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input mode is changed. 

20 1) First word ("Head") of Token supplied in token mode. 

2) Last word of Token supplied (coded_extn goes low). 

3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip.. 

A. 10.2 Supplying data via the MP I 

25 Tokens can be supplied to the Spatial decoder via the 

MPI by accessing the coded data input registers. 
A* 10. 2.1 Writing ToJcens via the MPI 

The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 
30 efficient data transfer. The 8 data bits, coded_data ■; 1 : 0 ; , 
are in one location and the control registers, coded_busy, 
enable_mpi_input and coded_extn are in a second location. 
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(Sea-Table A . 9 . 7 ) . 

When configured for Token input via the MPI, the current 
Token is extended with the current value of coded_extn each 
tine a value is written into coded_data [ 7 : 0 ] . Software is 
5 responsible for setting coded_extn to 0 before the last 
word of any Token is written to coded_data [ 7 ; 0 ] . 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data [ 7 : 0 ] . The start 
of this new DATA Token then passes into the Spatial Decoder 
10 for processing. 

Each time a new 3 bit value is written to 
coded_data ( 7 : 0 ; , the current Token is extended. Coded_extn 
need only be accessed again when terminating the current 
Token, e.g. to introduce another Token- The last word of 
15 the current Token is indicated by writing 0 to coded_extn 

followed by writing the last word of the current Token into 
coded data [ 7 : 0 ] . 



! 

i 


S 

"a 

(SI 


9 


OescnpOon 


1 


« 




coded.ertn 


1 

rvr 


z 


To*«ns can be sucoaed to <ne Seagal Cec;eer 
via the MP! 5y wfiong to tnese registers. 


1 coded, aata(7:01 

i 


3 
w 


2 




coacd.&usy 

1 
\ 


t 
t 


1 


The state of this registers maica:es 'f the 
Soaual Oecoder is aoie to acres r ~:<ers 
wnnen into eoded_data(?:0i. 

The vaJue t indicates that the m:ef ace *s sus/ 
and unable to accept data. Sehaviouf is 
undefined if the user tnes to wn:i to 
coded_data[7:0J when coded.ausy « t 


enaoie.mpMnput 


1 

rw 


0 


The vaiue tn this function enaoie regsstefs 
control whether coded data input to the Sea;*.' 
Oecoder is vra the coded data oon {0} or via re 

MPt (1). 



Table A.10.2 Coded data input registers 
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Eac& t^ime before writing to coded_data [ 7 ; o 1 , coded_busy 
should be inspected to see if the interface is ready to 
accept more data. 

A- 10 • 3 Switching between input modes 

5 Provided suitable precautions are observed, it is 

possible to dynamically change the data input mode. in 
general, the transfer of a Token via any one route should 
be completed before switching modes* 



Previous mode 


Neart Mod* 


Behaviour 


9yte 


Token 


The on-cmp circuity wi» use tne las: oyit succitec 
oyte mode as the las; byte of trie DATA Token ra: 
ii was constructing (i.e. One extn ou w\H $e set :o 
3elore aeceoono, me next Token. 


MP! input 



Table A. 10 • 3 Switching data input modes 
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?f*vioL3 moce 1 n«h Mode 



»oken 



i 3y:e 



MP l incut 



mode -s f€sccrs;0i« f or corpo»e: *"e "c*en » a. 
wart tr-.e exm 51: cf :ne last syte :■' -'crr-anon ser :o 
C) before s«iec::r.g ;y:e moce. 
Access ;o mcu via trie MP I wui -c; ::e ;ramec j e 
coded.busy wtii 'emam set ;o : ) cn:i :r« ofi<: o 
circuitry sucpiytr^ tne Token m ?c<*r r-c<2e r.as 
completed me Token (Le. witn :re extn nt of t.-e *ast 
oyte of information set to 0). 



MPI incut 


3yte 


The control software must have ccrrie'.ec ir.e 




MP I input 


Token (i.e. win tne extn bit of tne (as; syte cf 






information set to 0) oefore enaoi«_mpt_inout .s se! 






to 0. 



Table A, 10.3 Switching data input modes (contd) 



10 



15 



The first byte supplied in byte mode causes a DATA Token 
header to be generated on-chip. Any further bytes 
transferred in byte mode are thereafter appended to this 
DATA Token until the input mode changes. Recall, DATA 
Tokens can contain as many bits as are necessary. 

The MPI register bit, coded busy, and the signal, 
coded_accept , indicate on which interface the Spatial 
decoder is willing to accept data. Correct observation of 
these signals ensures that no data is lost. 
A. 10. 4 Rate of accepting coded data 

In the present invention, the input circuit passes 
Tokens to the Start Code Detector (see section A. 11). The 
Start code Detector analyses data in the DATA Tokens bit 
serially. The Detector's normal rate of 
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processing is one bit per clock cycle (of coded_clock) . 
Accordingly, it will typically decode a byte of coded data 
every 8 cycles of coded_clock. However; extra processing 
cycles are occasionally required, e.g., when a non-DATA 
5 Token is supplied or when a start code is encountered in 
the coded data. When such an event occurs, the Start Code 
Detector will, for a short time, be unable to accept more 
information . 

After the Start Code Detector, data passes into a first 
10 logical coded data buffer. If this buffer fills, then the 
Start Code Detector will be unable to accept more 
information . 

Consequently, no more coded data (or other Tokens) will 
be accepted on either the coded data port, or via the MPI, 

15 while the Start Code Detector is unable to accept more 

information. This will be indicated by the state of the 
signal coded_accept and the register coded_busy. 

By using coded_accept and/or coded_busy , the user is 
guaranteed that no coded information will be lost. 

20 However, as will be appreciated by one of ordinary skill in 
the art, the system must either be able to buffer newly 
arriving coded <3ata (or stop new data for arriving) if the 
Spatial decoder is unable to accept data. 
A* 10, 5 Coded data clock 

2 5 In accordance with the present invention, the coded data 

port, the input circuit and other functions in the Spatial 
Decoder are controlled by coded_clock. Furthermore, this 
clock can be asynchronous to the main decoder_clock . Data 
transfer is synchronized to decoder_clock on-chip. 
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SECTION A, 11 Start code detector 

A. ll.l Start codes 

As is well known in the art, MPEG and H.261 coded video 
streams contain identifiable bit patterns called start 
5 codes. A similar function is served in JPEG by marker 
codes. Start/marker codes identify significant parts of 
the syntax of the coded data stream. The analysis of 
start/marker codes performed by the Start Code Detector is 
the first stage in parsing the coded data. The Start Code 

10 Detector is the first block on the Spatial Decoder 
following the input circuit. 

The start/marker code patterns are designed so that they 
can be identified without decoding the entire bitstream. 
Thus, they can be used in accordance with the present 

15 invention, to help with error recovery and decoder start- 
up. The Start Code Detector provides facilities to detect 
errors in the coded data construction and to assist the 
start-up of the decoder. 
A. 11.2 Start code detector registers 

20 As previously discussed, many of the Start Code Detector 

registers are in constant use by the Start Code Detector. 
So, accessing these registers will be unreliable if the 
Start Code Detector is processing data. The user is 
responsible for ensuring that the Start Code Detector is 

25 halted before accessing its registers. 

The register start_code_detector_access is used to halt 
the Start Code Detector and so allow access to its 
registers. The Start Code Detector will halt after it 
generates an interrupt. 

20 There are further constraints on when the start code 

search and discard all data modes can be initiated. These 
are described in A. 11.3 and A. 11. 5.1. 
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• 








s 




Register name 


i 


8 


Cescr.riicn 




tn 


« 








GC 




itart_coda_detector_access 


1 


0 


Writing l to this /egrsief requests tnai tr.a s:an 




r* 




coda detector stop to attow access :o »:s 








registers. The user s^auid *ait urtui :re .us ' 








can oe read from tr* rec/ster :ndicau.-; r.a: 








operaoon has scooced aro access is cess^-e 



Table A. ll.l Start code detector 
registers (Sheet l of 5) 



• 






• 
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Register name 


-* 
0 
0 

<s> 


0 

« 


i 

Oescr.ption ! 

1 

i 

t 


iUt9atJtn9tn.count.tvtm 


1 

rw 


0 


An illtgat lengtn count tvtnt wut occur .1 *m.t 1 

i 

decoding JP€G data, a length ccum «eid s * 

1 


iitt9alJtn9tn.count.mask 


1 

rw 


0 


found carrying a vatut less than 2. This shoud 1 

i 

only occur as tnt rtsuU of an error in the JP53 > 

i 

data. 

i 

If Iht mask ftgisttr is stt »o 1 then an interrupt j 
can bt gcntrattd and the start code detector 
will stop. Behaviour following an error is not 

predictable if (his error is suppressed (masx j 

1 

register set 10 0). Set A.i 1.4.1 


|peg_overiapping_surt..evtM 


1 

fW 


0 


tf the coding standard is J?£G and tnt ( 

sequtnce OxFF QxFF is found while locking '*r ' 

j 


jptg_ovtrtapping_start_mask 


1 

rw 


0 


a marker code this event will occur. > 
This sequence is a legal stuffing secuer.ce. 

• 

i 

If the mask register is set to 1 then an interrupt | 

can bt generated and tht start code detector | 

1 

wilt stop. See A. 11. 4. 2 | 


over lapping .start.e vent 


1 

rw 


0 


If the coding standard is MP£G or H2* i anc j 
an overlapping sun code is found wniie tocfctr.g j 


| 0vtrtappin9.tart.mask 


1 

rw 


0 


lor a start code this event will occur if the rr.as* 
register is set to 1 then an interrupt can ce t 
generated and the start cede detector wilt stcc 
Stt A.11,4.2 



Table A.11.1 Start code detector registers (Sheet 2 of 5) 
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3 




Rests**' nam© 


.= 

*^ 
O 
*■« 




Description 




wi 


t/> 
o 


i 






c 


i 


unrecognised. stan,ev«nt 


\ 


0 


if an unrecognised start zzze s erccur.te'ec j 




rw 




this event will occur if '^e ~as< registe' s set ; 

1 


j unrecognised.surt.matk 


1 


0 


to 1 men an internist can oe generated and tre : 

i 




fW 




stan code detector *tit stop. | 

i 


s start_vaiue 


3 




The start code value read from tre =its;:sam s ; 

j 




fO 




availaDie m the rec/s:ar start.value wni* ;re ! 

i 








start code detector is hatted See A.n. -4 3 j 

i 


j 
j 

t 






i 
i 

Qunng norma! coerancn start_vaiue ccr.tairs : 


i 

1 






the value of the rres: -'©eerily seceded star- 


i 






marker code. j 

1 








Only the 4 USSs of start value are used during 


i 






• i * AM^raMnn T>i* A \A^~^< u/t![ p Tar ~\ 

1 0P'< aOun. I ne *» ivosj win w e tssi ^ 


i 


stop.after ^picture .event 




o 


tf the register stop.arter.picture is set ;o 1 






rw 




then a stop after picture event wilt o* generated 




stop.atter _picture_mask 


1 


0 


after the end of a picture has passed through 










the start code detector. 






rw 






sto p.afte r_pictur • 


1 


o 


if in* fflack register s set to t then an interrupt 






rw 




can oe generated and the s:an cede detector 










will stoo. See A. 11. 5.1 


i 






stop.atter.picture does not reset to 0 after 


I 






the end of a picture has seen detected so 








should oe cleared directly. 



Table A.11.1 Start code detector registers (Sheet 3 of 5) 
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*1 

Register name 


a 
<3 

CO 


flosel Slate 


Description 


non_a(igned_stan_event 


1 

rw 


0 


When ignore.non_ahgned :s se: :o 1 s:an 
codes that are not byte aifg^e<? are :grc*ec 


nQn_aiigned.stan_masK 


1 

rw 


0 


(treated as normal data) 

When ignore_non_ aligned .s set !o C -*25i 


! ignore_non_aligned 

t 
i 

i 

1 


1 

rw 


0 


regardless of byte alignment and ;r«e ncn- 
aligned start event wiii be generated. | 

If the masK register is set to 1 then tr.e ev»r.t s 
w)H cause an mterruot and the start code ; 
detector will stop. See A.i 1.6 J 

If the coding standard is configured as * = r 3 
ignofe_non_aligned is ignored and :re -cn- 
aligned start event wiil never be generated. 


I discard extension,.dau 

1 
I 


1 

rw 


1 


When these registers are set to 1 ererson cr 
user data that cannot be decoded by the I 


discard_us«r_data 


1 

rw 


1 


t 

Spatial Decoder is discarded by the s:art code | 
detector See A. u. 3 .3 | 


discard.aii.dau 

i 
i 


1 

rw 


0 


When set to i ail data and Tokens are j 
discarded by the start code detector. This 
continues until a FLUSH Token is supped or . 
the register is set to 0 directly, ; 
The FLUSH Token that resets this register s . 
discarded and not output by the stan cede ; 
detector. See A. it. 5.' 


1 insert sequence sun 

| 

i 


1 

rw 


1 


See A.u.7 



Table A.11 .1 Start code detector registers (Sheet 4 of 5) 
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o 














o 


55 




^ Register name 




o 


Oescrtpncn ; 




•Jo 


o 








cr 




stan_cod«_$«arch 


3 


5 


When ins register is set to 0 me star :c:e j 




rw 




detector ccerates norrraiiy tVhen se: :c a 








Ngner value the star; coce cetec::' z scares > 


i 






data undf me soectf-ed tyse star: s 








detected. When me ssec^ec start ccce s 








detec:ed me register is set :o C ar.d a 








ooerauon /odows. See A. u .3 


start.code.detecror.coding^sundard 


2 


0 


This register configures Che ccc.r.g s;a"ia;2 ; 




rw 




used by the stan cede detector The reg ster 








can be loaded directly or «s;ng a 

i 


i 






CODING.STANDARD Tcken. 


i 

i 






Whenever me start code C*!ec:or ;e~er2t2s a 


j 






CODING.STANDARD Token (see 


i 

j 






AJ1.7 4 u ca.T:es fts curre-: 


i 






ceding standard configurazen. "his Tc<en wni 


i 






then configure (he coding sandars usee -y ail 


i 

l 






other parts of the decoder cntp-set. See a.2 i . i \ 








V»d A. 1 1 .7 | 


I picture.nurnoer 

i 


4 


0 


Each time me sua coded cetectcr detects a ; 


t 


rw 




picture start code m the da*.a stream ■ rr me ( 


i 
t 






H.261 or JPSG equivalent) a 


j 






P!CTUR£_START Token is gene'*:** 


i 

! 






wn<h carries the current value of 








picture^number. Thts regster men 








increments. 



Table A.1 1.1 Start code detector registers (Sheet 5 of 5) 
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Regis jer name 


Q 

-a 

£5 


© 

© 

e 

C 


Description [ 


l*ngth_count 


16 


0 


This register contains tne current value of trie j 




rO 




JPEG lengtn count. This register >& modified I 








under the control of the coded data clock and | 

! 








shouid only be read vta tne MPi wnen ^ e star: 1 

| 








code detector is stopped. j 



Table A. 11. 2 Start code detector test registers 



A. n. 3 conversion of start codes to Tofcens 

In normal operation the function of the Start Code 
Detector is to identify start codes in the data stream and 
5 to then convert them to the appropriate start code Token. 
In the simplest case, data is supplied to the Start code 
Detector in a single long DATA Token. The output of the 
Start Code Detector is a number of shorter DATA Tokens 
interleaved with start code Tokens. 

10 Alternatively, in accordance with the present invention, 

the input data to the Start Code Detector could be divided 
up into a number of shorter DATA Tokens, There is no 
restriction on how the coded data is divided into DATA 
Tokens other than that each DATA Token must contain 8 x n 

15 bits where n is an integer. 

Other Tokens can be supplied directly to the input of 
the Start Code Detector. In this case, the Tokens are 
passed through the Start Code Detector with no processing 
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to oth^r stages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start code 
in the coded data. 
A, 11. 3.1 Start code formats 
5 Three different start code formats are recognized by the 

Start Code Detector of the present invention. This is 
configured via the register, 
start_code_detector_coding_standard. 



j Coding Standard 


Stan Coda Pattern (hex) 


Size of star :cde value 


| MPEG 


0x00 0x00 0x01 <value> 


a bit 


1 JPEG 


OxFr <vaiue> 


3 bit 


j H.261 


0x00 0x01 <vaiue> 


4 btt 



Table A. 11* 3 Start code formats 
10 A. 11.3*2 Start code Tofcen equivalents 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. In general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
15 ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11.4. 



1 

Start cc£* TcKen generated 

i 


Star, Coa Value 


MP=G 

(hex) 


H2SI 
(hex) 


j 

( h «*J j (r.arre; 


PICTURE.START 


0x00 j OxCO | OxOA ■ 5CS 


SLJCE.START* 


0x01 to 
OxAF 


0x01 to 
OxCC 


OxCO to nST 3 to 
0x07 I 


J SEQUENCE.START 


0xB3 


| 0xC8 j SOI 


SEQUENCE.END 


0xS7 j 


0xC9 ; £C\ , 


GROUP.START J 0 xS8 | 0 xC0 ! sc?S ' , 


USER.DATA 


0xB2 




OxcO to 1 APP 0 to I 

i 

OxE? app = ! 


OxFS j COM 


£XTENSION_OATA 


0xB5 




Oxca i jpg 


OxFOto j J?G 0 :o 
OxFO j jpg 0 




0xC2 to 
OxSF 


! 




OxCt to 
OxCB 


SOP. ;o 

1 

SCF n | 


j OxCC | DAC j 


DHT.MARKER 




| 0xC4 j DKT 1 


ONL.MARKER 


j OxDC ; CNL : 


DGT.MARKER 


| OxOB j CQT ; 


DRLMARKER 


j OxOO j 3RI ; 



Table A. 11.4 Tokens from start code values 

This Token contains an 8 bit data field which is 
loaded with a value determined by the start code 
value. 

Indicates start of baseline DCT encoded data. 
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A.ll.i*3^ Extended features of tire* coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
5 be application specific "user data"' that provides extra 
facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 

10 Two distinct mechanisms are employed. JPEG precedes 

blocks of user and extension data with marker codes. 
However, H.261 inserts "extra information" indicated by an 
extra information bit in the coded data. MPEG can use both 
these techniques. 

15 In accordance with the present invention, MPEG/ JPEG 

blocks of user and extension data preceded by start/marker 
codes can be detected by the Start Code Detector. 
H.261/MPEG "extra information" is detected by the Huff nan 
decoder of the present invention. See A. 14.7, "Receiving 

20 Extra Information". 

The registers, discard_extension_data and 
discard_user_data, allow the Start Code Detector to be 
configured to discard user data and extension data. If 
this data is not discarded at the Start Code Detector it 

2 5 can be accessed when it reaches the Video Demux see A. 14.6, 
"Receiving User and Extension data". 

The Spatial Decoder of the present invention supports 
the baseline features of JPEG. The non-baseline features 
of JPEG are viewed as extension data by the Spatial 

30 Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data. 
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X. 11*3.4 JPBO Table definition* 

JPEG supports down loaded Huffman and quantizer tables. 
In JPEG data, the definition of these tables is preceded by 
the marker codes DNL and DQT. The Start Code Detector 
generates the Tokens DHT_MARKER and DQT_MARKER when these 
marker codes are detected. These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or quantizer table (using the 
formats described in JPEG) . 
A. 11. 4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A. 11. ft, 
"Start code searching"). 
A. 11. 4.1 Illegal JPEG length count 

Most JPEG marker codes have a 16 bit length count field 
associated with them. This field indicates how much data 
is associated with this marker code. Length counts of 0 
and 1 are illegal. An illegal length should only occur 
following a data error. In the present invention, this 
will generate an interrupt if illegal_length_count_mask is 
set to 1. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 
of searching for start codes in JPEG data (see A. 11. 8.1). 
A. 11. 4.2 Overlapping start/marker codes 

In the present invention, overlapping start codes should 
only occur following a data error. An MPEG f byte aligned, 
overlapping start code is illustrated in Figure 64. Here, 
the Start Code Detector -first sees a pattern that looks 
like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 
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generates a overlapping start event. Furthermore, the 
Start Code Detector will generate an interrupt and stop if 
overlapping_start_mask is set to l. 

It is impossible to tell which of the two start codes is 
the correct one and which was caused by a data error. 
However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code "as if it is 
correct" after the overlapping start- code event has been 
serviced. If there are a series of overlapped start codes, 
the Start Code Detector will discard all but the last 
(generating an event for each overlapping start code) . 

Similar errors are possible in non byte-aligned systems 
(H.261 or possibly MPEG)* In this case, the state of 
ignore_non_aligned must also be considered. Figure 65 
illustrates an example where the first start code found is 
byte aligned, but it overlaps a non-aligned start code. If 
ignore_non_aligned is set to 1, then the second overlapping 
start code will be treated as data by the Start Code 
Detector and, therefore no overlapping start code event 
will occur. This conceals a possible data communications 
error. If ignore_non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code. 
X.ll.4.3 Unrecognised start codes 

The Start Code Detector can generate an interrupt when 
an unrecognized start code is detected (if 

unrecognized_start_mask = 1) . The value of the start code 
that caused this interrupt can be read from the register 
start_value . 

The start code value 0xB4 (sequence error) is used in 
MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 
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to cosce^t , 

A. 11.4,4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
5 than one of the above error conditions to occur within a 
short space of time. Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is: 

1) Non-aligned start codes 
10 2 ) Over lapping start codes 

3 ) Unrecognized start codes 

Thus, if a non-aligned start code overlaps another, 
later, start code, the first event generated will be 
associated with the non-aligned start code. After this 
15 event has been serviced, the Start Code Detector's 

operation will proceed, detecting the overlapped start code 
a short time later. 

The Start Code Detector only attempts to recognize the 
start code after all tests for non-aligned and overlapping 
20 start codes are complete. 

A* ll, 5 Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 
25 There are limitations on using these techniques with 

JPEG coded video as data segments can contain values that 
emulate marker codes (see A. 11. 8.1). 
A. 11* 5,1 Clean end to decoding 

The Start Code Detector can be configured to generate an 
30 interrupt and stop once the data for the current picture is 
complete. This is done by setting stop_af ter_picture = 1 
and stop_af ter_picture_mask = 1. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2), 
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an in*er«upt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded in the normal way. In some applications, however, 
it may be appropriate to detect the FLUSH arriving at the 
output of the decoder chip-set as this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the Start Code Detector stops, there may be data 
from the "old 11 video sequence "trapped" in user implemented 
buffers between the media and the decode chips. Setting 
the register, discard_all_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or d iscard_al l_data is reset via the 
microprocessor interface . 

Having discarded any data frorn^ the "old 1 ' sequence the 
decoder is now ready to start work on a new sequence. 
A. 11.5,2 When to start discard all mode 

The discard all mode will start immediately after a 1 is 
written into the discard_all_data register. The result 
will be unpredictable if this is done when the Start Code 
Detector is actively processing data. 

Discard all mode can be safely initiated after any of 
the Start Code Detector events (non-aligned start event 
etc.) has generated an interrupt. 
A* 11 * 5.3 Starting a new sequence 

If it is not known where the start of a new coded video 
sequence is within some coded data, then the start code 
search mechanism can be used. This discards any unwanted 
data that precedes the- start of the sequence. See A. 11.3. 
A. 11.5.4 Jumping between sequences 

This section illustrates an application of some of the 
techniques described above. The objective is to "jump" 



from CTte-part of one coded video sequence to another. In 
this example, the filing system only allows access to 
"blocks" of data. This block structure might be derived 
from the sector size of a disc or a block error correction 
system. So, the position of entry and exit points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_af ter_picture and discard_all_data mechanisms 
allow unwanted data from the old video sequence to be 
discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_all_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 
A* 11. 6 Byte alignment 

As is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes in the data stream. 

For example, H.261 views communications as being bit 
serial. Thus, there is no concept of byte alignment of 
start codes. By setting ignore_non_aligned = 0 the Start 
Code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = 0, the 
start code non-alignment interrupt is suppressed.. 

In contrast, however, JPEG was designed for a computer 
environment where byte alignment is guaranteed. Therefore, 
marker codes should only be detected when byte aligned. 
When the coding standard is configured as JPEG, the 
register ignore_non_aligned is ignored and the non-aligned 
start event will never be generated. However, setting 
ignore_non_aligned = 1 and non_aligned_start_mask = 0 is 
recommended to ensure compatibility with future products. 

MPEG, on the other hand, was designed to meet the needs 
of both communications (bit serial) and computer (byte 
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oriented h systems. Starr codes in MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bit serial searching for start codes 
(no MPEG bit pattern, with any bit alignment, will look 
like a start code, unless it is a 'start code). So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indicate that a communication error has previously 
occurred. If the error is a "bit-slip" in a bit-serial 
communications system, then data containing this error will 
have already been passed to the decoder- This error is 
likely to cause other errors within the decoder. However, 
new data arriving at the Start Code Detector can continue 
to be decoded after this loss of byte alignment. 

By setting ignore_non_aligned = 0 and 
non_aligned_start_mask = l, an interrupt can be generated 
if a non-aligned start code is detected. The response will 
depend upon the application. All subsequent start codes 
will be non-aligned (until byte alignment is restored) . 
Accordingly, setting non_aligned_start_mask = 0 after byte 
alignment has been lost may be appropriate. 





MPEG 


JPEG 


H.2S1 I 


ignor«_ncn_aligned 


0 


1 ! 0 i 


non_aiigned_start_nnask 


1 


! 


o ! 



Table A . 11 . 5 Configuring for byte alignment 
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A. 11. 7 Automatic Token generation 

In the present invention, most of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards. In 
addition to these "natural" Tokens, some useful "invented* 1 
Tokens are generated. Examples of these proprietary tokens 
are PICTURE_END and CODING_STANDARD. Tokens are also 
introduced to remove some of the syntactic differences 
between the coding standards and to "tidy up" under error 
conditions . 

This automatic Token generation is done after the serial 
analysis of the coded data (see Figure 61, M The Start Code 
Detector") . Therefore the system responds equally to 
Tokens that have been supplied directly to the input of the 
Spatial Decoder via the Start Code Detector and to Tokens 
that have been generated by the Start Code Detector 
following the detection of start codes in the coded data. 
A. 11. 7.1 Indicating the end of a picture 

In general, the coding standards don't explicitly signal 
the end of a picture. However, the Start Code Detector of 
the present invention generates a PICTURE_END Token when it 
detects information that indicates that the current picture 
has been completed. 

The Tokens that cause PICTURE_END to be generated are: 
SEQUENCE_START, GROUP_START, PICTU*E_START , SEQUENCE_END 
and FLUSH. 

A« 11 #7.2 Stop after picture end option 

If the register stop_af ter_picture is set, then the 
Start Code Detector will stop after a PICTURE_END Token has 
passed through. However, a FLUSH Token is inserted after 
the FICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11. 5.1. 
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Introducing sequence start for H.261 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). If the register 
insert_sequence_start is set, then the Start Code Detector 
5 will ensure that there is one SEQUENCE_START Token before 
the next PICTURE_START , i.e., if the Start Code Detector 
does not see a SEQUENCE_START before a PICTURE_START, one 
will be introduced. No SEQUENCE_START will be introduced 
if one is already present. 
10 This function should not be used with MPEG or JPEG. 

A • l l . 7 . 4 Setting coding standard for each sequence 

All SEQUENCE^START Tokens leaving the Start Code 
Detector are always preceded by a CODING_STANDARD Token. 
This Token is loaded with the Start Code Detector's current 
15 coding standard. This sets the coding standard for the 
entire decoder chip set for each new video sequence. 
A. 11. 8 Start code searching 

The Start Code Detector in accordance with the 
invention, can be used to search through a coded data 
20 stream for a specified type of start code. This allows the 
decoder to re-comnence decoding from a specified level 
within the syntax of some coded data (after discarding any 
data that precedes it). Applications for this include: 

• start-up of a decoder after jumping into a coded data 
25 file at an unknown position (e.g., random accessing). 

•to seek to a known point in the data to assist recovery 

after a data error. 

For example, Table A. 11. 6 shows the MPEG start codes 
searched, for different configurations of 
30 start_code_search . The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11. 4. 
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_ star code searcn 


Stan codes searches 'or 


i 


! o* 

1 


Normal cwfaticn 




! i 


Reserved (wnl &enav* as ciscarc caial 




; 2 






i 3 


secuence scan 




start_cod«_ sea reft 


Stan codes searcnee for 


*- 


group or sequence start 




s 9 


ptcture. group or sequence stan 


6 


siice. pcture, grouo or sequence stan 




me nerr stan or marker code 



Table A. 11.6 Start code search modes 

a. A FLUSH Token places the Start Code Detector 
in this search mode. 

b. This is the default mode after reset. 

5 When a non-zero value is written into the 

start_code_search register, the Start Code Detector will 
start to discard all incoming data until the specified 
start code is detected. The start_code_search register 
will then reset to 0 and normal operation will continue. 

10 The start code search will start immediately after a 

non-zero value is written into the start_code_search 
register. The result will be unpredictable if this is done 
when the Start Code Detector is actively processing data. 
So, before initiating a start code search, the Start Code 

15 Detector should be stopped so no data is being processed. 

The Start Code Detector is always in this condition if any 
of the Start Code Detector events (non-aligned start event 
etc.) has just generated an interrupt. 

A. 11.8.1 Limitations on using start code search with JPEG 
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Mos€--J*>eg marker codes have a ♦ 1-6 bit length count field 
associated with them* This field indicates the length of a 
(data segment associated with the marker code. This segment 
may contain values that emulate marker codes. In normal 
5 operation, the Start Code Detector doesn't look for start 
codes in these segments of data. 

If a random access into some JPEG coded data "lands" in 
such a segment, the start code search mechanism cannot be 
used reliably. In general, JPEG coded video will require 
10 additional external information to identify entry points 
for random access. 



SECTF9P* A.12 Decoder start-up control 

A. 12.1 Overview of decoder start-up 

In a decoder, video display will normally be delayed a 
short time after coded data is first available. During 
this delay, coded data accumulates in the buffers in the 
decoder. This pre-filling of the buffers ensures that the 
buffers never empty during decoding and, this, therefore 
ensures that the decoder is able to decode new pictures at 
regular intervals . 

Generally, two facilities are required to correctly 
start-up a decoder. First, there must be a mechanism to 
measure how much data has been provided to the decoder. 
Second, there must be a mechanism to prevent the display of 
a new video stream. The Spatial Decoder of the invention 
provides a bit counter near its input to measure how much 
data has arrived and an output gate near its output to 
prevent the start of new video stream being output. 

There are three levels of complexity for the control of 
these facilities: 

• Output gate always open 

■ Basic control 

■ Advanced control 

With the output gate always open, picture output will 
start as soon as possible after coded data starts to arrive 
at the decoder. This is appropriate for still picture 
decoding or where display is being delayed by some other 
mechanism . 

The difference between basic and advanced control 
relates to how many short video streams can be accommodated 
in the decoder's buffers at any time. Basic control is 
sufficient for most applications. However, advanced 
control allows user software to help the decoder manage the 
start-up of several very short video streams. 
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A. 12 . 2=-* MPEG video buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
5 to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
10 data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG, therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
15 can readily be converted to a bit count. This is the basis 
on which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12. 3 Definition of a stream 

In this application, " the term stream is used to avoid 
20 confusion with the MPEG term sequence. Stream therefore 

means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or it could be a single picture. 

The decoder start-up facilities described in this 
25 chapter relate to meeting the VBV requirements of the first 
picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 
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A, 12.4 £tart-up control registers 



Register rar-e 



*3 



wesc.-'crcn 



surtup.acctss 

CZ0_3S_ACCESS 



Writing I ro its .'eg*s:*r -ec-es'S ;ra; re ?t: 
coun;er anc gale ccermg logic s:cc :c a.::* 
access to thetr configuration register 



&it_count 
C=D_SS_CCUNT 



bit„count_prescale 
CED_3S_PfiSSCALS 



This bit counter :s incremented as r:cr-c ;a:a 
(eaves the star, ccce cetec:cr. "The ru-ce' c! 
bits required to Tcrer-er: bit_coun: r-cs s 
aoprox. 2 (b,, .» un, -P r « M, - ! » x 512. 

The &a counter stars counting b»s atsr a 
FLUSH Token masses thrcugn :he m :our:*r 
it is reset to zero anc* :nen stccs -ce—e^-; 
after sne bit count :arget "as been .*~e!. 



bit_count_urget 
CED„5S_TARG£7 



This register species ;ne an coun: target, a 
target met event -s ger«ra:ec wrene.e' "~e 
following conducn oecomes true: 
bit.count >m bit_count_target 



Urget_m*t_«v«m 

55, rARGET_M£T_£VENT 



tafget_m«t.m«»k 



When the bit count target ts met t-.s even: 
be generates, if the mask register s set :o i 
then an interrupt can ze generatec. rcwever. 
the bit counter will NOT stco processing rata 

This event wui occur wnen the ctt counter 
increments to its target, it will also occ-r i a 
target value is wnnen wmcn »s less tra* c 
ecuaf to the current vafue ofFecitcc,..-:** 
Writing 0 to bit_count_iarget w:i* a *a«s 
generate a target -et event. 



Table A. 12.1 Decoder start-up registers 
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Register name 


Slia/DU. 


* 
* 

« 

O 

c 


Desertion 


counter .flushed .event 


i 


0 


when a FLUSH 7o«en passes Tvougn ;r.« :>t 








count circuit 'Jits event will occur if the ,-iasx 


coumer_ffusned_masX 


rw 


0 


register is set to i then an interrupt can *e 
generated and me pit counter win s:;? 


i counterjtusned.too.eany^ event 


1 


0 


K a FLUSH Token causes avougn re ctt 


, 

S 5_ - L US*_ = 5 r _ TA P.G£T_ M£T_ SVSN T 


rw 




count c-Jcuit and the zm count :argec ^as ~ot 


counterjlushed^too.earty^mas* 


1 

rw 


0 


been met tftts event w<li occur. 1/ the mas* 
register (S set to i then an interrupt can 
generated and the en counter will step. 

See A.t2J0 


offcnip_queue 


1 


0 


Setting trus register ;o i configures ;a;s 




rw 




ooening fogtc to recutre micrceroeesscr 
support. When this register s set :o D *Jie cl::l: 
gate control logic will automatically centre! 
operaaon of the output gate. 

See seoons A. i 2.S and A. 1 2.7 . 


enapte_stream 


1 


0 


When an orf<hip queue ts *n use wn;;ng ;o 


CZD„SS_SNA3L£_NXT_STM 


rw 




enabie_$tream controls the oenavicLr ol :ne 
output gate after me end of a stream masses 
through tt. 

A one in cits register enables the cu:;u: ga:e :o 
open. 

The register will be reset wnen an 
aecept.enafile interrupt ;s ger-ra^c 



Table A. 12.1 Decoder start-up registers (contd) 




- 




S 




Register name 


| 


a 

Co 

a 


Descnction 




CO 


« 








C 




accept.tnaoie.event 


1 


0 


This event matcates mat a FLUSH To Ken r.as 


55. S TP SAM _ END_ EVENT 


rw 




passed fl-ifocgn me outrun gate (caus.rg st ;o 


accept_enaole_mask 


1 


0 


close) and mat an enaoie was available to allow 




rw 




me gate to open. 








if me mas* register ^ set to i men ar. 








can fie generated and me register 








enable.siream will oe reset. See a.: z.r 1 j 



Table A. 12.1 Decoder start-up registers (contd) 
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A. 12,*- Output gate always open 

The output gate can be configured to remain open. This 
configuration is appropriate where still pictures are being 
decoded, or when some other mechanism is available to 
5 manage the start-up of the video decoder. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing 1 to startup_access ) : 

• set of f chip_queue = 1 
10 • set enable_stream = l 

•ensure that all the decoder start-up event mask 

registers are set to 0 disabling their interrupts 
(this is the default state after reset). 
(See A. 12. 7.1 for an explanation of why this holds the 
15 output gate open.) 

A. 12. 6 Basic operation 

In the present invention, basic control of the start-up 
logic is sufficient for the majority of MPEG video 
applications. In this mode, the bit counter communicates 
20 directly with the output gate. The output gate will close 
automatically as the end of a video stream passes through 
it as indicated by a FLUSH Token, The gate will remain 
closed until an enable is provided by the bit counter 
circuitry when a stream has attained its start-up bit 
25 count. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing 1 to startup_access ) : 

■ set bit_count_prescale approximately for the expected 
30 range of coded data rates 

* set counter_f lushed_too_ear ly_mask = 1 to enable this 
error condition to be detected 

Two interrupt service routines are required: 
•Video Demux service to obtain the value of 
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*fc\^delay for the first picture in each new 
stream 

•Counter flushed too early service to react to 

this condition 
The video demux (also known as the video parser) can 
generate an interrupt when it decodes the vbv_delay for a 
new video stream (i.e., the first picture to arrive at the 
video demux after a FLUSH) . The interrupt service routine 
should compute an appropriate value for bit_count_target 
and write it. When the bit counter reaches this target, it 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A. 12.6.1 Starting a new stream shortly aftar another 
finishes 

As an example, the MPEG stream which is about to finish 
is called A and the MPEG stream about to start is called B- 
A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to zero, A 
having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream B. When the Video Demux has decoded the vbv_delay 
from the first picture in stream B, an interrupt will be 
generated allowing the bit counter to be configured. 

As the FLUSH marking the end of stream A passes through 
the output gate, the gate will close. The gate will remain 
closed until B meets its start-up conditions. Depending on 
a number of factors such as; the start-up delay for stream 
B and the depth of the buffers, it is possible that B will 
have already met its start-up conditions when the output 
gate closes. In this case, there will be an enable waiting 
in the queue and the output gate will immediately open. 
Otherwise, stream B will have to wait until it meets its 
start-up requirements. 

A. 12. 6. 2 A succession of short streams 

The capacity of the queue located between the bit 
counter and the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 
finish being decoded. In the present invention, this 
situation will only occur if very short streams are being 
decoded or if the off-chip buffers are very large as 
compared to the picture format being decoded) . 

In Figure 69 stream A is being decoded and the 
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outpult-gate is open) . Streams B and C have met their 
start-up conditions and are entirely contained within the 
buffers managed by the Spatial Decoder. Stream D is still 
arriving at the input of the Spatial Decoder. 
5 Enables for streams B and C are -in the queue, So, when 

stream A is completed B will be able to start immediately. 
Similarly C can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 

10 queue, filling the queue. If no enables have been removed 
from the queue by the time the end of D passes the bit 
counter (i.e., A is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 

15 input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through . 

A, 12. 7 Advanced operation 

In accordance with the present invention, advanced 
20 control of the start-up logic allows user software to 

infinitely extend the length of the enable queue described 
in A. 12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
25 A. 12.6.2, "A succession of short streams". 

In addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained access to the start-up 
control logic by writing 1 to start_up access) : 
30 set of f chip_queue -.1 

■ set accept_enable_mask = 1 to enable interrupts 
when an enable has been removed from the queue 

■ set target_met_mask = 1 to enable interrupts 
when a stream's oit count target is met 
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Twoe-acidit ionai interrupt servi'ce routines are 
required : 

• accept enable interrupt 

• Target met interrupt 

5 When a target met interrupt occurs, the service routine 

should add an enable to its off-chip enable queue. 
A . 12 . 7 . 1 Output gate logic behavior 

Writing a 1 to the enable_stream register loads an 
enable into a short queue. 

10 When a FLUSH {marking the end of a stream) passes 

through the output gate the gate will close. If there is 
an enable available at the end of the queue, the gate will 
open and generate an accept_enable_event ♦ If 
accept_enable_mask is set to one, an interrupt can be 

15 generated and an enable is removed from the end of the 
queue (the register enable_stream is reset). 

However, if accept_enable_mask is set to zero, no 
interrupt is generated following the accept_enable_event 
and the enable is NOT removed from the end of the queue. 

20 This mechanism can be used to keep the output gate open as 
described in A. 12. 5, 
A . 12 • 8 Bit counting 

The bit counter starts counting after a FLUSH Token 
passes through it. This FLUSH Token indicates the end of 

25 the current video stream. In this regard, the bit counter 
continues counting until it meets the bit count target set 
in the bit_count_target register. A target met event is 
then generated and the bit counter resets to zero and waits 
for the next FLUSH Token. 

30 The bit counter will* also stop incrementing when it 

reaches it maximum count (255). 
A • 12 • 9 Bit count prescale 

In the present invention, 2* ,,,, --" un, - rr ^ ~" x 512 bits are 
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required*to increment the bit counter once. Furthermore, 
bit_count_prescale is a 3 bit register than can hold a 
value between 0 and 7. 



n 


Range (bits) 


Resolution (b»ts) 


0 j 0 to 252144 j 1024 


1 0 to 524288 


2048 


7 


0 to 31457280 


122880 



Table A. 12. 2 Example bit counter ranges 

5 The bit count is approximate, as some elements of the 

video stream will already have been Tokenized (e.g., the 
start codes) and, therefore includes non-data Tokens. 
A. 12. 10 Counter flushed too early 

If a FLUSH token arrives at the bit counter before the 

10 bit count target is attained, an event is generated which 

can cause an interrupt (if counter_f lushed_too_ear ly_mask = 
1) . If the interrupt is generated, then the bit counter 
circuit will stop, preventing further data input. It is 
the responsibility of the user's software to decide when to 

15 open the output gate after this event has occurred. The 
output gate can be made to open by writing 0 as the bit 
count target. These circumstances should only arise when 
trying to decode video streams that last only a few 
pictures . 
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SECTF©?* A. 13 Buffer Management 

The Spatial Decoder manages two logical data buffers: 
the coded data buffer (CDB) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
5 Detector and the input of the Huffman decoder. This 

provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
10 buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data . 

Both buffers are physically held in a single off-chip 
DRAM array. The addresses for these buffers are generated 
15 by the buffer manager. 

A. 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset. In 
normal operation, there is no requirement to reconfigure 
20 the buffer manager. 

After reset is removed from the Spatial Decoder, the 
buffer manager is halted (with its access register, 
buf f er_manager_access , set to l) awaiting configuration. 
After the registers have been configured, 
25 buf f er_manager_access can be set to 0 and decoding can 
commence . 

Most of the registers used in the buffer manager cannot 
be accessed reliably while the buffer manager is operating. 
Before any of the buffer manager registers are accessed 
30 buf f er_manager_access must be set to 1. This makes it 
essential to observe the protocol of waiting until the 
value 1 can be read from buf f er_manager_access . The time 
taken to obtain and release access should be taken into 
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consicfer^ftion when polling such registers as cdb full and 
cdb_empty to monitor buffer conditions. 



! 

t 

| Register name 


a 


! | 

© 

O 


j 

OescrtOfiQn 

t 
i 


| butfer_manao,er_access 

i 
i 


l 

rw 


1 


This access art slops tne opera:;;,'! c' .*.** carter .~ar,a;er so rac '-s 
various registers can &e accessed reiiapiy. See A.54 : 

j 

! Note; :hts access register is unusual as its default state afte r -ess: s 
j i. i.e. after rese! tne buffer manager s nalted awaiting err*;. 'a: :* 
J via tne ncroprocessor interface. 








Rosot State 




Register name 


1 


Descrption 


outfer_manac l er - keyhoie_afldress 

I 


6 

rvv 


X 


Keynote access to tne extended accre&s space usee 'zr z-^*> 
manager registers snown frelcw. See A. 6 * 3 't' ~~z?* 


j buffer^manager^iceyncie.data 

1 
[ 


8 

rw 


X 


information aootft accesstna r***"S!»fs ^rri •'-n a km^r*/*.* 


aufferjimit 

i 


18 
rw 


X 


This specifies the overall sue c; »-e ; * - . ar-^. macrec :c ~e 
Spanai Decoder. Alf Putter addresses are , so v.CO s z\.f*> 
size and so wiii wrao round wttnm ^C 3, ■ r^wped. 


tab_fcas< 


13 


X 


These registers pom: to Che base o/ the J * - lata (epp) arc "c<en 


to.oase 


rw 




(ts) buffers. 


cdb Jengtn 


18 


X 


These 'W'.* • specify the Jengtn (f.e. s^s; of tne cocec ca:a ccr j 


tojength 


rw 




and To*r ;ib) buffers. 


cop^read 


16 


X 


These registers hold an offset from the ou''-- :>ase anc .rc:ca:e 


l . 

I to_read 

I 


ro 




wnere data be read from next 


COP numwr 


IS 


X 


These -» sters snow how much data <*ntly hete :n re :jt*'s 


tO_numd«f 


ro 






cab, full 


t 




Th€" -f ( -sters writ p« set to l if th* - ;- id cata (eery :•' 


tajuli 


ro 


x | 


Pur*- ;»« 


cdp^empry 


1 


X 


Tr * agisters wiij p e set to i if the ,mq data (csc) r Tc*e- 


tb.empty 


ro 




P;>r*r empties. 



Table A. 13.1 Suffer manager registers (cortd) 
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A- 13 ♦ i^l^Buf f er manager pointer values 

Typically, data is transferred between the Spatial 
Decoder and the off_chip DRAM in 64 byte bursts (using the 
DRAM ' s fast page mode). All the buffer pointers and length 
registers refer to these 64 byte ("512 bit) blocks of data. 
So, the buffer manager's 18 bit registers describe a 256 k 
block linear address space (i.e., 128 Mb). 

The 64 byte transfer is independent of the width (8, 16 
or 32 bits) of the DRAM interface. 
A. 13.2 Use of the buffer manager registers 

The Spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
limit register (buf f er_limit) defines the physical upper 
limit of the memory space. All addresses are calculated 
modulo this number. 

Within the limits of the available memory, the extent of 
each buffer is defined by two registers: the buffer base 
(cdb__base and tb_base) and the buffer length (cdb_length 
and tb_iength) . All the registers described thus far must 
be configured before the buffers can be used. 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb_read and tb_read) 
indicates an offset from the buffer base from which data 
will be read next. The buffer number registers (cdb_number 
and tb_number) indicate the amount of data currently held 
by buffers. The status bits cdb_full, tb_full, cdb_empty 
and tb_empty indicate if the buffers are full or empty. 

As stated in A. 13. 1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
Accordingly, the value -read from cdb_number should be 
multiplied by 512 to obtain the number of bits in the coded 
data Duffer. 
A . 1 3 . 3 Zero buffers 

Still picture applications (e.g., using JPEG) that do 
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not hwe^a "real-time" requirement will not need the large 
off-chip buffers supported by the buffer manager. In this 
case, the DRAM interface can be configured (by writing l to 
the zero_buffers register) to ignore the buffer manager to 
5 provide a 128 bit stream on-chip FIFO for the coded data 
buffer and the Token buffers. 

The zero buffers option may also be appropriate for 
applications which operate working at low data rates and 
with small picture formats. 

10 Note: the zero^buf f ers register is part of the DRAM 

interface and, therefore, should be set only during the 
post-reset configuration of the DRAM interface. 
A. 13. 4 Buffer operation 

The data transfer through the buffers is controlled by a 

15 handshake Protocol. Hence, it is guaranteed that no data 
errors will occur if the buffer fills or empties. If a 
buffer is filled, then the circuits trying to send' data to 
the buffer will -be halted until there is space in the 
buffer. If a buffer continues to be full, more processing 

20 stages "up steam" of the buffer will halt until the Spatial 
Decoder is unable to accept data on its input port. 
Similarly, if a buffer empties, then the circuits trying to 
remove data from the buffer will halt until data is 
available . 

25 As described in A. 13.2, the position and size of the 

coded data and Token buffer are specified by the buffer 
base and length registers. The user is responsible for 
configuring these registers and for ensuring that there is 
no conflict in memory usage between the two buffers. 
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SECTfON A.14 Video Demux 

The Video Demux or Video parser as it is also called, 
completes the task of converting coded data into Tokens 
started by the Start Code Detector. There are four main 
5 processing blocks in the Video Demux: Parser State Machine, 
Huffman decoder (including an ITOD) , Macroblock counter and 
ALU. 

The Parser or state machine follows the syntax of the 
coded video data and instructs the other units. The 
10 Huffman decoder converts variable length coded (VLC) data 

into integers. The Macroblock counter keeps track of which 
section of a picture is being decoded. The ALU performs 
the necessary arithmetic calculations. 
A . 14 . 1 video Demux registers 



: 

fleg:s:er name 


S 
to 


S 
a 

00 

"5 

VI 

e 


Description 




d«mui_access 


1 


0 


This access btl stops the operaoon of the Video Census so :*a: 






rw 




vanous registers can be accessed reirabiy. See A.54 i 


! 


huftman^err or^coae 


3 




Wh«n the. Video Demux stops following the generation 0/ a 




CED_H_C7ZL:5dj 


ro 




huffman.event interrupt request Ihis 3 bit register holds a va'^e ■ 
why the interrupt was generated. See A J 4.5.1 


i 

-!C<:ating 

f 


parse r_error_code 


e 




When the Video Demux stops following the generation 0/ a ^arser_*ver.i 


CZQ„ H_ DMUX_ SRR 


ro 




i 

interrupt request thrs 8 bft register holds a value 'naicasr.g wry tr.e 








interrupt was generated. See A.M.5.2 




d«mux_keyhoi*_address 


12 


X 


Keyhoie access to the Video Den-lux's ertenoeo a c Cress scace 


5« 


w 50. H_ <£YHCL~„ADDR 


rw 




A,6.4.3 for more mfdrma»on aoout acressirg reg s;< 


'S 


i 


8 


X 


through a keyhole. 




CBO^KEYhCLB 

l 


rw 




Tables A. 14.2, A. U.3 and A.u 4 describe the reg's;ers r-ai 
accessed vta the keyhoie. 


- 2 



Table A.! 4.1 Top level Video Demux registers 
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3 






Q 


« 

tr 


Oescr:ction 1 


dummy Jast_picrufe 


1 


0 


When ins register is set ;o \ tne Video Cemux *->ii genera;e r.iormaricn , 




rw 




for a "dummy* intra j'dure as ;ne las; sicrjre of an MPEG sequence ; 








This function is useful when :ne Temporal Decoder is configured 'or 
automatic oiciure re-o,'denng (see A. IS J. 5. "Picture secuercs r** 


r_ Currtmyjasi. frarre_ Off 

\ 
1 

! 
[ 






ordering*. to flush the 'as: P or I picture out of i?*e T e^ccr3! 
Cecodsr 

No 'dummy* picture is r€$utre<* if- 

• me Temporal Decoder is not configured 'or re<rcenng 

- another MPEG sequence witi oe decoded tmmediatefy (as ins also 
Hush out the last Dfcrure) 

* the cedmg standard is not MPEG 


J fieldjnfo 


1 


0 


When this register is set to \ :he first oyre of any MPEG 


i 

1 CED H ALU RSGQ 


rw 




ex:ra_.nfcrmaoon_ptcrjre ts oUced m i*ie rlcLD_INr(J icxe* Sse 
A. 14 7 1 - 


i r_rorr._controi 

1 
















continue 


\ 


0 


This register aJiows user software to ccr.;:ci no^ much eJtva. user or 


C£D_H_ALU_V£GO 


rw 




enension data it wants to recede wnen is it is detected by ins decoder. 


> r_rom_cor\trof 






See A.M. 5 andA.U.7 










1 rorrwevision 


3 




immediatefy following reset mis notes a ccoy of T-e microcode PCM 




ro 




revision numoer. 


\ 

i 






This register is also used to present to con:rot software data values read 
from me coded data. See A. 14.6. 'Receiving User and Extension data' 
and A. 14 7. 'Pecetvtng trra Infor— ation*, 



Table A. 14.1 Top level video Demux registers (contd) 



202 






2 




Register nam* 




a 

on 
« 

« 

c: 


Description 


huffman.eveat 


1 

rw 


0 


A Huffman event is generated if an error is found in one cocea ca:a See 
A.U.5.1 for a description of these events. 


hurtmanjnasfc 

! 
| 


\ 

rw 


0 


If the mask register is set to 1 c.en an interrupt can *e generatec a~d 
Video Oemux will stop, if the mas* register ts set :o C tnen ro .rie'"-ot .s 
generated and the Video Oemux will attempt :o 'ecover — e 


j parser_event 


1 

rw 


0 


arrrvai of information at the Video Oemux mat requires software 




1 

rw 


0 


intervention. See A. 1 4.5-2 for a lescnption ;f trese *v*r*_s 

if me mask register is set to 1 then an interrupt can oe generates arc 1 
Video Oemux wili stop, tf the mas* register is set ;o 0 then ro irtsrruc: s 
generated and the Video Oemux win attempt to continue. 


Table A. 14.1 


Top 


level video Demux registers (contd) 



Register name 


55 


Reset Statu 


Description 


component_nam«_0 
camponent_name_1 
component_name_2 
componeni_name_3 


8 

rw 


X 


Ounng JP5G operation tne register component_nam«_n holds an 3 on ^a:»-e 
indicating (to an application) wn»ch colour component has tne comoon-rt iZ r. 


rtonj.peis 


16 
rw 


X 


These registers hold me horizontal and verucai dirnens.ons of tne viceo oe«r.g 
decoded in pixels. 

See section A. 1 4.2 


ven_p«is 


16 
rw 


X 


noru.macrooiocKs 

I 

I 


16 

rw 


X 


These registers noid the horizontal and vertical dime-.s.cns of *ceo z*>r$ 
decoded in macrociocks. 
See section 


j ven_macroOfoc*s 

i 

| 


16 
rw 


X 



Table A* 14 . 2 video demux picture 
construction registers 




Register name 


a 


Co 
© 
o 


Description 


max_n 


2 

rw 


X ! 


These registers rioid the macrooiock wtcffi arc neignt <n djocks i3 i 3 nxe-si 
The values 0 to 3 indicate a widEn/height of Wo 4 Diocte 


max v 

L- — 


2 

rw 


X 


See secaon A.14.2 


max _componen r_td 

t 


2 

rw 


X 


The values 0 to 3 indicate mat 1 to 4 different vtceo carreer er:s a*? 
being decoded. 

See section A.14.2 i 


Nf 

1 


3 

PW 


X 


During JPSG operation this register notes tne parameter s*f ^n<„r-cer cf (.-rage 
components in frame). 


j bJocks_h_0 


2 


X 


For each of the 4 colour components tne registers blocks. n.n arc 


btocks.h.i 


rw 




blocks _v_r? hold the number of blocks horizontally ard ven-ca;iy <- a 


blocks_h_2 






macrobioek for ifte colour component with component ID n 


| blocks_h_3 






See secuon A.14.2 


| blocks.v^O 


2 


X 




i 

biocks_v_i 


rw 






blocks _v_2 






I 


blocks jO 






! 


to_o 


2 


X 


The rwo bit value hew by the regtsier tq_n describes *n<cn inverse ( 




rw 




Quanusa&on tabte ts to be used wnen decoding data w»tn ccmoonent ;D n 



















Table A.14.2 video demux picture 
construction registers (contd) 
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A. 14 . 1^1*. Register loading and Token generation 

Many of the registers in the video Demux hold values 
that relate directly to parameters normally communicated in 
the coded picture/video data. For example, the horiz_pels 
5 register corresponds to the MPEG sequence header 

information, hor izontal_size , and the JPEG frame header 
parameter, X. These registers are loaded by the Video 
Demux when the appropriate coded data is decoded* These 
registers are also associated with a Token. For example, 

10 the register, horiz_pels, is associated with Token, 

HORIZONTAL_SIZE- The Token is generated fay the Video Demux 
when (or soon after) the coded data is decoded. The Token 
can also be supplied directly to the input of the Spatial 
Decoder. In this case, the value carried by the Token will 

15 configure the Video Demux register associated with it. 




295 







2 




R eoi* f fluui cm 


Q 
c 


a 

« 
— 


OftSC'ip !<cn 


oe_hurf_0 


2 




The rwo Oil value neia 5y the register 3c.nuff_.--r cescrses wnicn ~ ^".rrzr, 


2C hutl 1 


rw 




decoding table is :o be used when cecc-crg tne CC ^c<*w*c:en:s c? ~a:a 








component (0 n. 


dc_hutl_3 






Similarly ac_hutf_n descrces ;ne tacfe :o ce used *--*n ceccc — -C 


ac_hufl_0 

: 


2 




coefficients. 


ar hurt 1 






Baseline J?EG requires uo to rwo HuSrran tables r-er scan. ">e cr.v ss 


ac _hutf _2 






implemented are 0 and 1 . 










dc.bits.O(iS:0] 


a 




Hacn ot these is a table of 16, eigm bit values. They crovice yie 5iT3 


dc_bits_l(15:Q] 


rw 




in/ormanon (see JPSG Huffman table specification) wr:cn form pan tr.e 


ac_bits_0[15:01 


8 




description of two DC and rwo AC Huffman tables. 


acbits^ipSiO] 


rw 




See section A.U3,! 


Cc.nuftvai_C[11;0J 


a 




£acn of these is a table of 12, eignt bet vaiues They provide the -*l".a'_ 


dcjiuffvai..i [11:01 

1 

i 

i 


rw 




information (see JPEG Hu^man table specification) wr.icr, form -a,- Ta 
description of rwo OC Huffman tables. 

See section A. 1 4.3. 1 


ac_nuftva!_0(l61:0] 


8 




Each of these is a table of" \52, eight tu vatues. They proviae :ne rL'P-VAL 


ac_hufrvai_i[t6t:0] 


rw 




information (see JPSG Hoffman table specification) which form par: z< the 
description of two AC Huffman tables. 

See section a. 1 4.3.1 


dc_issss_Q 


8 




These 3 bit registers no<c values tnat are 'special cased" to acceteca*e :re 


de.2ssss_1 


rw 




decoding of ceram frequently used JPEG VUCs. 


ac_eoo_0 


6 




dc.ssss - magnitude of DC coefficient is 0 


ac.eob.i 


rw 




ac.eob - end of bice* 


j ac zrf 0 

! 


8 




ac „zrl - run of 16 zeros 


I ac.xrtj 


rw 






Table A 


. 14 


- 3 


Video demux Huffman table registers 
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Register name*" 

! 


O 

"a 
•i 

<7> 


Hnsol Stale 


Descnotion \ 


! butfer.stze 

I 
i 
! 

! 

i 


10 
rw 

t 




This register ts Icaced wnen decoding MPEG data a vaiue rc.ca:r- re 
size of VSV butter required m an tceat decoder. 

This value is not used cy the decoder cries. However, re /aiue t .-.res -a/ 
be useiul lo user software when configuring the coded daia bL*er s.ie a-c *o 
detemine wnetner the decoder ts capable of decoding a parucuJar = = G :2 2 
file. 


pei.aspect 

1 


rw 




This register is loaded wnen decoctng MPEG data wit*, a vaiue ;r.c.ca:.r; 
pel aspect ratio. The value is a 4 bit integer tfiat -s used as an index -r.:o a 
table defined by MPEG. 

See the MPEG standard for a definition of this table. 

This vaJue is not used by the decoder chips. However, Tie value a . w c ~av 

be useful to user software when configuring a disotay or ouCut devca 


j dit_rate 


18 
rw 




This register is loaded wnen decoding MPEG data wtn a value mc ca* -% r 2 
coded data rate. 

See the MPEG standard for a definition of this value 

This vaiue is not used by the decoder chips. However, ne value rt r.cics -ay 

be useful to user software wnen configuring the decoder start-up rec, sters. 


pic. rate 


4 

rw 




This register is loaded when decoding MPEG data wttn a value mc.caung :re 
picture rate. 

See the MPEG stanca/d for a definition of this value. 

This vaiue is not used by the decoder cntps. However, Tie value -t ?z cs -a' 
be useful to user software when configuring a display cr output devce 


• constrained 

i 


1 

rw 




This register ts loaded when decoding MPEG data to indicate if tne cocec zs.:z 

meets MPEG's constrained parameters. 

See the MPEG standard for a definition of this flag. 

This value is not used by the decoder chips. However, r.e value 1 .-: -a/ 
be useful to user software to detemine wnetner the decider is carat's :' 
decoding a oancuiar MPEG data file. 



Tabie A. 14.4 Other Video Demux registers 
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Register name 



Oescnptton 



ptcture^type 



Ounng M?£G operation this register notes jne picture rype 0/ :re s;c:^e seirg 
decoded . 



This register is loaded when decoding H.251 data, it .*.oid$ ;n forma :cn aocui 
ine picture forma:. 



7 


5 j 5 


4 


3 


2 I j 0 




r 


t s 


d 


f 


0 | < i ' 



Plags: 

s * Split Screen indicator 
d * Document Camera 
t - freeze Picture Release 

This vaJue is not used by tne decoder cnios. However. ;ne trformatsn sncuid 
be used wnen configunng honz.peis. ven_pels and Tie display cr zuizui 
device. 



Oro**n_cJosed 



Ounng MPEG operation irus register ho*Cs tne orofcen Jmk arc c:csea_;oo 
information for the group of pictures being decoded. 



t i 0 



c ft 



Flags: 

c ■ ciosed^op 



Table A- 14 



Other Video Demux registers (contd) 
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Register name 



* 

00 



Description 



During MPSG and H.26 loperation tins faster notes the current value sf 
prediction mode. 



7 


6 


5 


A 


3 


2 


1 j o 




r 


r 


t 


h 


y 




H 1 



Rags: 

h * enable H.25 1 loop filter 

y - r«et backward vector prediction 



vbv^deiay 



16 



This register is loaded when decoding MPHG data with a vaiue matcating trie 
minimum sian-up deiay before decoding should start. 

See the MPEG standard for a definition of this value. 

This vaJue is not used by me decoder cfiips. However, me value it r^otcs may 
be useful to us*r software when configuring the decoder stan-uo registers 



pic_numf>er 



This register holds the picture number for the pictures that is currently c-e'rg 
decoded by the Video Demur*. This number was generated by the start ccce 
detector when this pcture amved there. 



Se#Tabie A.11.2 



for a description of the picture numoer 



dummyjatt ^picture 



Th«*e registers are aiso vtsbie at the top *eve(. See Tabte A.14.1 



fieid info 



continue 



rcnwevtsion 



8 

rw 



coding_standard 



Thx regtster ts loaded by me CODING^STANDARO Tofcen to corf- re 
the video Demur's mode of op«racon. 
Se* s^caon A.21.1 



Table A.1 4.4 Other Video Oemux registers (contd) 




Register name 


a 

? 

w 


£B 
"5 
o 


Description 


restartjnterval 


3 




This regisier fs loaded *men decoding j?£G data witn a vaiue jp-dieatw.g 




rw 




minimum start-up delay oeicre decoomg should start. 








i 

See tne MPEG standa/d for a definition of trus value. j 



Table A. 14. 4 other video Demux registers (contd) 



register 


Token 


standard 


comment \ 


component^name.n 


COMPONENT.NAME 


JPEG 


in coced data. 

i 


MPEG 


not used in standard. ' 


M.261 


v^r^-Pe^ 


HORIZONTAL.SIZE 
VERTICAL.SIZE 


MPEG 


m ceded daca. 


JPEG 


K251 


automatical derived frcm cict-rs : 

I 

type- ' 


honx_macropt©cks 
ven_macroblocks 


HORIZONTAL.MBS 
VERTICAL_MBS 


MPEG 


contra! software must eenve from ; 
hpnzcntal and vertical scxre $;ze. 1 


JPEG 




automatically derived frsm cicrure J 

i 

type. j 


max_h 
max_v 


DEFiNE_MAX_SAMPLiNG 


MPEG 


controt software must -or.tigue. 
Sampling structure *s fixed 
standard. 


JPEG 


tn coded data. 


H.251 


automatically conftcu'ec 'or - 2.0 
video 



Table A. 14. 5 Register to ToXen cross reference 
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register 


Token 


standard 


comment j 

i 


max.componemjd 


MAX.COMPJD 


MPEG 


contro* software musi configure 
Sampling structure ts fixed 5y 






JP£G 


m cooed data. 






H.261 


automatically configured 'or j. 2 C 
video. 


tq.O 


JPEG.TABLE.SELECT 


JP£G 


m coded da:a. 






MPEG 


not used m siandard. 






H.261 


i 


tq_3 






1 




DPPlfJP SAMPLING 




control software must configure. j 


block* JO 






i 

Sampling strucrure is fixed 5y 


blocks JO 






standard. 


blocks JO 




JPEG 


i 

m coded data. ; 






H.261 


automatically configured 'c 4 2.0 ; 


biocks_v_o 






video | 


1 blocks v i 








i biocks_v_2 






1 
t 
i 


biocks.O 






j 


dc jtutf_o 


in scan haaoar data 


JPEG 


tn coded data. | 


tfc.hutfj 


MPEG.OCHJTABLE 


MP£G 


control sofTware musi configure. } 






H.261 


not used m standard. j 


dcjiu«_3 






j 


acjiuflj) 


in scan header data 


JPEG 


m cooed data. 


acjiutfj 




MPEG 


not used «n standard. ■ 


ae JtufO 




H.261 




j acJiufO 









Table A, 14.5 Register to Token cross 
reference (contd) 
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fCIJfStef . 


Token 


suncafd 


comment ' 


ac.5ita_0(15;0] 


in OATA Token following 


JPEG 


m coded data. 


dc.5tts.1(l5:0l 


DHT^MARKER Token 






dc..iutfval.0(ll:0] 




MPEG 


' csn:roi so-T*are must zz~ t 


dc_nuffvaM[11:0] 




H.251 


not used in scardi'i 


dc.zssss.O 








CC.2S5SS.1 










in DATA Token following 


j? EG 


m cccsc ca;n. 


ac.aits.1(!5:0] 


DHT_MARKER Token 






ac_nuftval_0(161 :0] 




MPEG 


not used m s:anca/d. 




M.261 


j 


ac_edo_Q 






i 


ac,eoo_i 






• 


ac 2rl 0 








ac.irtj 








; ouffer_si2e 


VBV_BUFF£R_S1ZE 


MPEG 


m ceded data. , 






JPEG 


not us«d *n s;anoa/d 


! 




K26l 




j*i_asp*ct 


PEL.ASPECT 


MPEG 


m cdd*d data. ! 






JPEG 


not used m sranda/d j 






H.261 


f 




81T_RATE 


MPEG 


tn coded data. 






JPEG 


not used in standard 


I 
] 




H.26! 






PiCTUR£_RATE 


MPEG 


j 

in cooed data. 






JPEG 


not used in standa/d 


i 




H.251 


( 


? constrained 






m ceded data. 


t 

j 




JPEG 


not used tn stanaa/d 






H.26I 




, ?icture_typ« 


PiCTURE.TYPE 


MPEG 


tn coded data. 






JPEG 


not used m standard 


i 




H.261 





Table A. 14.5 Register to Token cross reference (contd) 



reg tater 


Token 




common i 


bfC*en_ciosed 


BROKEN_CLOSED 


MPEG 


tn coded cata. | 






not used m siancard J 

i 




predicuon.mode 


PREDfCT!ON_MODE 


MPEG 


tn coded data. ] 


JPEG 


not used m standard 

i 


H^61 


1 n _2S1_pie_rype 

i 

i 

i 


PICTUREJTYPE 
(when siandard is H.261) 


MPEG 


not relevant 


JPEG 




K261 


tn coced da:a. 


vov_deiay 


VBVJDELAY 


MPEG 


m coded data. 


JPEG 


not used tn stanoa/d 


K2S1 


pic.numoer 

1 


Carried by: 
PICTU REDSTART 


MPEG 


Generated i?y s:an code esteem 


JPEG 


K2S1 


codtng^stanaard 


CODiNG.STANDARD 


MPEG 


configured in stan code Sy ccr.:rci j 

software detector. j 

i 


JPEG 


K2S1 



Table A. 14* 5 Register to Tofcen 
cross reference (contd) 



A. 14.2 Picture structure 

In the present invention, picture dimensions are 
5 described to the Spatial Decoder in 2 different units: 
pixels and macrobiocks. JPEG and MPEG both communicate 
picture dimensions in pixels. Communicating the dimensions 
m pixels determine the area of the buffer that contains 
the valid data; this may be smaller than the total buffer 
10 size. Communicating dimensions in macrobiocks determines 

the size of buffer required by the decoder. The macroblock 
dimensions must be derived by the user from the pixel 
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dimenyrofts. The Spatial Decoder registers associated with 
this information are: horiz_pels, vert_pels, 
hor iz_macroblocks and vert_macroblocks * 

The Spatial Decoder registers, blocks_h_n, blocks_v_n, 
5 max_h, max_v and max__component_id specify the composition 
of the macroblocks (minimum coding units in JPEG) . Each is 
a 2 bit register than can hold values in the range 0 to 3 . 
All except max_component_id specify a block count of 1 to 
4, For example, if register max_h holds 1, then a 
10 macroblock is two blocks wide. Similarly, max_component_id 
specifies the number of different color components 
involved . 





2: 1 : t 


4:22 






max.ft 




1 i 0 


max_v 


0 


1 


1 j 0 


roax_compon«nijd 


2 


2 | 2 | 2 j 


bioc*c*_tiJJ 


1 


1 J t | 0 




0 


0 


0 | 0 ] 




0 


0 


0 1 0 




« 1 * 


X | X j 


blocks. v_0 


0 


1 | 1 j 0 | 


biocfcl.O 


0 


1 


0 | 0 } 


&JockJ_v_2 


0 


1 


0 


0 


btocks.O 


X 


2 


X 


* 1 



Table A* 14. 6 Configuration for various macroblock formats 
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A.14.>- Huffman tables 

A. 14.3,1 JPEG style Huffman table descriptions 

In the invention, Huffman table descriptions are 

provided to the Spatial decoder via the format used by JPEG 
5 to communicate table descriptions between encoders and 

decoders. There are two elements to each table 

description: BITS and HUFFVAL. For a full description of 

how tables are encoded, the user is directed to the JPEG 

specification. 
10 A . 14 « 3 « 1 . 1 BITS 

BITS is a table of values that describes how many 

different symbols are encoded with each length of VLC . 

Each entry is an 3 bit value. JPEG permits VLCs with up to 

16 bits long, so there are 16 entries in each table. 
15 The BITS[0] describes how many different 1 bit VLCs 

exist while BITSflj describes how many different 2 bit VLCs 

exist and so forth. 

A. 14 . 3 . 1.2 HUFFVAL 

HUFFVAL is table of 8 bit data values arranged in order 
20 of increasing VLC length. The size of this table will 

depend on the number of different symbols that can be 

encoded by the VLC. 

The JPEG specification describes in further detail how 

Huffman coding tables can be encoded or decoded into this 
2 5 format. 

A. 14 . 3 « 1 « 3 Configuration by Tokens 

In a JPEG bitstream, the DHT marker precedes the 

description of the Huffman tables used to code AC and DC 

coefficients. When the Start Code Detector recognizes a 
30 DHT marker, it generates a DHT_MARKER Token and places the 

Huffman table description in the following DATA Token (see 

A. 11. 3 .4) . 

Configuration of AC and DC coefficient Huffman tables 
within the Spatial Decoder can be achieved by supplying 
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DATA ^ftd^DHTJiARKER Tokens to the input of the Spatial 
Decoder while the Spatial Decoder is configured for JPEG 
operation. This mechanism can be used for configuring the 
DC coefficient Huffman tables required for MPEG operation, 
5 however, the coding standard of the Spatial Decoder must be 
set to JPEG while the tables are down loaded. 



"t 


7 S ' 5 -* : 3 ( 2 j l I 0 


Token Name 1 


1 1| o o o-i o i t i o i 1 


CODING.STANOARO 


( 


0 


0,0i0.0.010|0it i 


1 * JPEG 




o| 


0 ' 0 ; 0 1 ; 1 : 1 i 0 j 0 


OHT MARKER i 

- t ' 


1 


o 1 o 1 o ; o ! o ; 1 i x i x 


DATA | ; 


1 


t 




t 


I 




t 


t 


t 


T h - Vaiue indicating which Huffman table is to oe loaded. J?SG allows 4 
tabies to be downloaded. 

Values 0x00 and 0x01 specify DC coefficient codrng rabfes 0 and 1 
VaJues 0x10 and 0x11 specifies AC coefficient coding taofes 0 and i 


! 

| ! 

Si ' 


t ]j n j n n j n 


n 


rt 


n 


n 


L, - 16 words carrying BITS information 


— 

"I 

1 J 

0 -Si 
« — , 


1 


1 fj n j n | n J n J n 


n 


n 


n 


1 i| n | n j n 


n 


n | n 


n 


n 


V,j - Words carrying HUFFVAL information (the 






number of words depends on the number of different % :| 

symbols). j 3 % 

! | 1 

a * the extension m will be 0 rf tfus is the endof the DATA Token cm if j « 
another tadte desenption ts contained in the same DATA Token. | ^ -"J 


e 




n 


n 


n 


n 


n 


n 


n 



Table A, 14* 7 Huffman table configuration via Tofcens 
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A. 14. 3=7-1*4 Configuration by MP I 

The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI. See Table 
A. 14 . 3 . 

5 The registers dc_bits_0 [ 15 : 0 ] and dc_bi ts_l [ 15 : 0 J 

hold the BITS values for tables 0x00 and 0x01. 
■The registers ac_bits_0 f 15 : 0 ] and ac_bits_l f 15 : 0 ] 
hold the BITS values for tables 0x10 and 0x11. 
•The registers dc_huf f val_0 ( 11 : 0 ] and 
10 dc_huffval_l[ ll:G] hold the HUFFVAL values for 

tables 0x00 and 0x01. 

•The registers ac_huf f val_Q ( 161 : 0 ] and 

ac_huffval_l[ 161:0} hold the HUFFVAL values 

for tables 0x10 and 0x11. 
15 A. 14 .4 Configuring for different standards 

The Video Demux supports the requirements of MPEG , JPEG 
and H.261. The coding standard is configured automatically 
by the CODI NG_STANDARD Token generated by the Start Code 
Detector . 

20 A. 14.4*1 H.261 Huffman tables 

All the Huffman tables required to decode H.261 are held 
in ROMs within the Spatial Decoder and more particular in 
the parser state machine of the video demux and, therefore 
require no user intervention. 
25 A. 14.4.2 H.261 Picture structure 

H.261 is defined as supporting only two picture formats: 
CIF and QCIF. The picture format in use is signalled in 
the PTYPE section of the bitstream. When this data is 
decoded by the Spatial Decoder, it is placed in the 
30 h_261_pic_type registers and the PICTURE__TYPE Token. In 
addition, all the picture and macroblock construction 
registers are configured automatically. 

The information in the various registers is also placed 
into their related Tokens (see Table A. 14. 5), 
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and tifts^ensures that other decoder chips (such as the 
Temporal Decoder) are correctly configured. 
A. 14. 4. 3 MPEG Huffman tables 

The majority of the Huffman coding tables required to 
5 decode MPEG are held in ROMs within the Spatial Decoder 

(again, in the parser state machine) and, thus, require no 
user intervention. The exceptions are the tables required 
for decoding the DC coefficients of Irvtral macroblocks. Two 
tables are required, one for chroma the other for luma. 
10 These must be configured by user software before decoding 
begins . 



macr oWocfc construcaon 


CIF/ 
QCIF 


p*cnjr» construction 


CIF 


OOF 


max.h 


t 




352 


,7. 


max_v 


1 




28S 




max_compon«mjd 


2 


horiz.macroblocks 


22 


" i 


biocks.M.o 


1 


v«rt_macrooiocks 


18 




olockijt_i 


0 


I i I 




0 


! I i 


Dlocks.v_0 


! 


! I i 


Wocks_v_l 


0 




1 i 


block.s_v_2 


0 


I I 



Tabla A* 14 , 8 Automatic settings for H*26i 



Table A. 14. 10 shows the sequence of Tokens required to 
configure the DC coefficient Huffman tables within the 
15 Spatial Decoder. Alternatively, the same results can be 
obtained by writing this information to registers via the 
MPI. 

The registers dc_huff_n control which DC coefficient 
Huffman tables are used with each color component. Table 
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A. 14 . T^s^ows how they should be configured for MPEG 
operation. This can be done directly via the MP I or by 
using the MPEG DCH TABLE Token. 



ac.nutf.o | o 



dc.rtuff.1 


t 


dc„huff_2 


1 


dc_nutf_3 





Table A. 14.9 MPEG DC Huffman table selection via MPI 



e 


| [7:0] 


Token Name 


! 0 


| 0x15 
I 0x01 


CODING.STANDARD { 


0 


J 0x1 C j DHTJtfARKER I 


\ 


| 0x04 | DATA (couW be any colour component. 0 is used tn m« exarrde) | 


\ j 0x00 j 0 indicates mat this Huffman table is DC coefficient coOtng taoie 0 j 



5 



Table A. 14, 10 MPEG DC Huffman table configuration 
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E j 


f7.0] 


Token Nam* 


i | 
1 


GxOO 


16 words earrvinn SITS information descnhmo a total of Q 




0x02 


I 




0x03 


2. 2 bit codes 




0x0 t 




0x01 


3. 3 bit cooes 




0x01 


1 . 4 b*t codes 


t j 
1 I 


0x01 


i , 3 on codes 




u*yu ; 


1, 6 btt codes 




UXGQ 


1 . 7 bit codes 




UXUU 




uxoo 


if configuring via the MPi rather man *nih Tokens these /aiues «ol-1 *e 




OxOO 


written mto the de.bits.OtlSiQ] registers. 




0x00 






0x00 




1 


0x00 




1 


OxOQ 




1 


0x01 


9 words carrying HUFFVAL information 




0x02 


If configuring via the MPI rather than with Tokens these values #occ te 
wntten into the dc_huffv»L0(ii:0] registers. 




0x00 




0x03 




0x04 






OxOS 


i 




0x06 


i 




0x07 




0 


0x08 





Table A- 14.10 MPEG DC Huffman 
table configuration (contd) 
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,J5 l i (7.01 


Token Name 


o jj o*ic j DHT.MARKER | 


1 jj 0x04 j DATA (couJd be any cotour comoonent, 0 is used m tnis «xarrpie) j 


! • i 


OxG t 


1 indeates that this Huffman taoie is DC coefficient coding taoie \ 


i j 
i | 


OxCO '■ 

0x03 

0x01 


16 words carrying BITS information describing a total of 9 , 

UUICI CI li Y L» w -3 • 

3, 2 bit codes 
1 , 3 bit codes 
t , 4 bit codes 
1 , 5 ott codes 


i | 

1 II 


0x01 
0x01 | 


i 


0x01 


i 


0x01 




0x01 


1 , 5 bit codes 




uxuu J 


i , 7 btt codes 
1 , 3 bit codes 




Avon 

uxuv ^ 


, i 

' ! 


i 


1 


0x00 


if configuring vta the MPl rather than with Tokens these values would be 
written into the dc.bitsJflStf] registers. 


1 j 


0x00 


i 


0x00 


1 1 

i 


0x00 


1 1 


0x00 




i 


0x00 


9 words carrying HUFFVAL information 




j 0x01 


if configuring via the MP) rathe? than with Tokens these values wouid be 
written into the dc.hutfval.Hl 1:0] registers. 


1 


j 0x02 


1 


| 0x03 


i 


j 0x04 




j 0x05 


i 


| 0x06 


1 jj 0x07 


0 jj 0x08 




t 

0 


jj 0x04 
| 0x00 


MPEG_DCH_TABl£ 

j Configure so labte 0 is used for component 0 


1 

0 


|| OxOS 
0x01 


MPEG_DCH_TABL£ 

j Configure so tab<e 1 is used for component 1 


1 

0 


0x06 

| 0x01 

I 


MPEG.DCHJTABLE 

Configure so table t is used for component 2 



Tafaie A.14.10 MPEG DC Huffman tabte configuration (contd) 




£ 


[7.0I 


Token Name 


1 


0x15 


CODING STANDARD 


0 


0x02 


2 = JP£G 



Table A. 14. 10 MPEG DC Huffman 
table configuration (contd) 



A. 14. 4. 4 MPEG Picture structure 

The macroblock construction defined for MPEG is the same 
as that used by H.261. The picture dimensions are encoded 
in the coded data. 

For standard 4:2:0 operation, the macroblock 
characteristics should be configured as indicated in Table 
A. 14.8. This can be done either by writing to the 
registers as indicated or by applying the equivalent Tokens 
(see Table A. 14.5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. If the picture format is 
known before decoding starts, then the picture construction 
registers listed in Table A. 14.3 can be initialized with 
appropriate values. Alternatively, the picture dimensions 
can be decoded from the coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error ERR_MPEG_SEQUENCE , see A. 14,8, "Changes at 
the MPEG sequence layer". 
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A. 14.*~5* JPEG 

Within baseline JPEG, there are a number of encoder 
options that significantly alter the complexity of the 
control software required to operate the decoder. In 
5 general, the Spatial Decoder has been designed so that the 
required support is minimal where the following condition 
is met: 

• Number of color components per frame is less 
than 5(N f <4) 
10 A, 14. 4* 6 JPEG Huffman tables 

Furthermore, JPEG allows Huffman coding tables to be 
down loaded to the decoder. These tables are used when 
decoding the VLCs describing the coefficients. Two tables 
are permitted per scan for decoding DC coefficients and two 

15 for the AC coefficients. 

There are three different types of JPEG file: 
Interchange format, an abbreviated format for compressed 
image data, and an abbreviated format for table data. In 
an interchange format file there is both compressed image 

20 data and a definition of all the tables (Huffman, 

Quantization etc.) required to decode the image data. The 
abbreviated image data format file omits the table 
definitions. The abbreviated table format file only 
contains the table definitions. 

2 5 The Spatial Decoder will accept all three formats. 

However, abbreviated image data files can only be decoded 
if all the required tables have been defined. This 
definition can be done via either of the other two JPEG 
file types, or alternatively, the tables could be set-up by 

30 user software. 

If each scan uses a different set of Huffman tables, 
then the table definitions are placed (by the encoder) in 
the coded data before each scan. These are automatically 
loaded by the Spatial Decoder for use during this and any 
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subsequent scans. 

To improve the performance of the Huffman decoding, 
certain commonly used symbols are specially cased. These 
are: DC coefficient with magnitude 0, end of block AC 
coefficients and run of 16 zero AC coefficients. The 
values for these special cases should be written into the 
appropriate registers* 
A. 14. 4. 6.1 Table selection 

The registers dc_huff_n and ac_huff_n control which AC 
and DC coefficient Huffman tables are used with which color 
component. During JPEG operation, these relationships are 
defined by the TDj and Ta j fields of the scan header syntax. 
A. 14. 4.7 JPEG Picture structure 

There are two distinct levels of baseline JPEG decoding 
supported by the Spatial Decoder: up to 4 components per 
frame (N f <4) and greater than 4 components per frame (N f >4). 
If N f >4 is used, the control software required becomes more 
complex. 

A. 14. 4. 7.1 Nf<4 

The frame component specification parameters contained 
in the JPEG frame header configure the macroblock 
construction registers (see Table A. 14.8) when they are 
decoded. No user intervention is required, as all the 
specifications- required to decode the 4 different color 
components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture formats in S A. 16.1. 
A. 14 . 4 . 7 . 2 JPEG vith more than 4 components 

The Spatial Decoder can decode JPEG files containing up 
to 256 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 
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only *41«ws a maximum of 4 components in any scan. 
A. 14. 4.8 Non-standard variants 

As stated above, the Spatial Decoder supports some 
picture formats beyond those defined by JPEG and MPEG . 
5 JPEG limits minimum coding units so that they contain no 

more than 10 blocks per scan. This limit does not apply to 
the Spatial Decoder since it can process any minimum coding 
unit that can be described by blocks_h_n, blocks_v_n, max_h 
and max_v. 

10 MPEG is only defined for 4:2:0 macroblocks (see Table 

A. 14.8). However, the Spatial Decoder can process three 
other component macroblock structures, (e.g., 4:2:2. 
A. 14.5 Video events and errors 

The Video Demux can generate two" types of events: parser 

15 events and Huffman events. See A . 6 . 3 , " Interrupts 11 , for a 
description of how to handle events and interrupts. 
A. 14 • 5,1 Huffman events 

Huffman events are generated by the Huffman decoder. 
The event which is indicated in huf f man_event and 

20 huffman_mask determines whether an interrupt is generated. 

If huffman_mask is set to 1 , an interrupt will be generated 
and the Huffman decoder will halt. The register 
huf f man_error_code [ 2 : 0 ] will hold a value indicating the 
cause of the event. 

25 If 1 is written to huf f man_event after servicing the 

interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 

30 automatically. 

A. 14. 5. 2 Parser events 

Parser events are generated by the Parser. The event is 
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indicated in parser_event . Thereafter, parser mask 
determines whether an interrupt is generated. If 
parser^mask is set to 1, an interrupt will be generated and 
the Parser will halt. The register parser_error_code [ 7 : 0 ] 
5 will hold a value indicating the cause of event. 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffmanjmask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
10 decoder will attempt to recover form the error 
automatically . 

If 1 is written to parser_event after servicing the 
interrupt, the Parser will start operation again. If the 
event indicated a bitstream error, the Video Demux will 
15 attempt to recover from the error. 

If parser_mask was set to 0, the Parser will set its 
event bit, but will not generate an interrupt or halt. It 
will continue operation and attempt to recover from the 
error automatically. 
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No error. This error sfloufd not occur - U nrg 
normal operaoon 



Pailed to find terminal code in VLC withrn ! S ' 
bits. 



Pound senal data when Token excec:e 



| p ound Token wh en serial data exo*-:-? 
Inrormaijon describing more than 6-t 
coefficients for a single block was Ceccced 
indicating a bitstrea/n error. The block outou; 5y 
the Video Oemux will conta/n only $4 
coefficients. 



Table a, 14. 11 Huffman error code 2 




ERR.NO.ERROR 

No Parser error has cc cured. th,s event should no, occu r during norma, cw-arer. 
HRR.EXTSNSION.TOKEN 

An EXTENSION DATA Tf**n w- 

"oken has been detected by the Parser. The -eiecaon of 

this Token should preceed a DATA 7 rt **„ m*, — . 

h «w a umia ioken that contains the erension data. Se- a :a s 



ERR„£XT£NSJON_DATA 
PoHowmg the detection of an EXTENSION^ ATA Token, a DATA To*en 
contatnmg the extension data has been detected. See a.u.6 




Policing the detecnon of a USER.D ATA Token, a DATA Token contam,rg L ,*r 
data has been deteocted. See A. 14 6 



SRR_PSPARE 

H.26T PSARE information has been ^t^ctcC see A. 14.7 
Table A.1 4.1 2 Parser error codes (Sheet 1 of 5) 
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Qx<3 



H.26T GSARg information has been detected see A 14 7 
ERR.PTYPE 

^ value 0/ me H.25 1 p.crure type has changed. The re-scer h^s , 
inspected to s ee what the new vaJue is. 
£RR_JPSG_FRAME 



.P'c.rype can ;e 




MPgG ertrajntormatton.sliee has been delected 



see A u : 



ERR_VBV_DELAY 



The VBV.DEUY parameter /or the first p-cture ,n a newMPHG video sequence has 
been detected by the v*eo Demux. The new vaiue of delay * ava.lab.e ,n ^e w 
v&v^deiay. 

The ftr S! p, caj f e ol a new saquence a define<) u ^ ^ a ^ 

FLUSH or reset 




£RR_SHORT_TOK5N 



An .ncorrecOy formed Token has Oeen deteced. This error sncuid not occ.r r 5 
normal ooeraoon. 



Table A.14.12 Parser error codes (Sheet 2 of 5 
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parser_e?ror^ode{7:0] 


Oescnption 


0x90 


SRR_H251_PiC_SND_UNEX?ECTEO 

Ounng H.261 operaoon tn« end of a picture has been enccunterec at an jrexcec:ec 
position. This ts itkely to indicate an error m the coced data. 


0x9 1 


£RR_GN_3ACKUP 

Ounng H.261 operation a group of blocks has seen encountered *un a ;*ol: -lt- re- 
lets than mat expected. This is likely to indicate an error in the coded data 


0x92 

t 


£RR_GN_SK!P_GCB 

Ounng H.2S1 operation a group of blocks has been encountered with a "u-cer 
greater man that expected. This ts likely to indcate an error m n« coded data. 


OxAO 


SRR.NSASc.TAS 

Ounng JPEG operaoon there has been an anempt to down load a Huffman acte that -s 
not supported by basettne JPEG (baseline JPEG on/y support :aoies 0 and t 'or 
entrooy coding). 


OxAl 


ERR,QUANT_PR£CiSiON 

Ounng JPEG operation there has been an artempt to down load a quamsa:.cn table tr.a; 
is not supported by baseline JPEG (baseline JPEG only suppers 3 bit precision :n 
quantisation tables). 


0xA2 


£RR_SAMPL£_PREClSJON 

Ounng JPEG operation there has been an attempt to specify a sample precision great*' 
than mat suoponed &y baseline JPEG (baseline JPEG on(y supports 8 btt precision). 


0xA3 


ERR_NSAS£.SCAN 

One or more of the JPEG scan header parameters Ss, 5e, Ah and A( ts set to a ^aiue rot 
supported by baseline JPEG (indicating spectraJ selection and/or successive 
approximation which are not supported m baseline JPEG). 




ERR JJNEXPSCTED.ONL 

Ourtng JPEG operation a DNL marker has been encountered m a scan that s rot tre 
first scan in a frame. 


j OxA5 


£ fl R^EOS .UN EXPECTED 

Ounng JPEG operation an EOS marker has been encountered :n an unexpired nacs 



Tabte A.14.12 Parser error codes (Sheet 3 of 5) 
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Oescnpoon 


0xA6 


can RC5TAAT ^KIP I 

^ n n «v ^ j i w ~ i j Pv \ i » 

During JPEG operation a restart marker has been encountered either ;n in an 
unexpected place or me vafue of the restart narxer rs urexpec:*^ f a 'estar: ~ar*e' s 
not found when one ts expected the w uffman event * c ourd seraJ ra*a wr«~ ';<en 
expected* win be generated. 


QxSO 


SRR.SKiPJNTRA 

During MPEG operation, a macro block with a macro bfoc* access ..-.rrer-*-: ;-sa:3' 
man \ has been found within an intra fi) picture. This is utegai ard p: csasiv ra:es a 
bJtstream error. 


QxS1 


£RR_SKlP_DflMTRA 

Ounng MPEG operation, a macro block with a macro block address r.crerre^t greater 
than t has been found within an DC onry (0) picture. This is illegal a.-d prppabiy 
indicates a bitstream error. 


0x82 


€RR_3A0_MARKER 

Dunng MPEG operation, a marker bit did not have the expected van.*. ™>.,s ,s yzzazr/ 
indicates a bitstream error 


0x33 


SfiR_D__MBTYPE 

Ounng MPEG operation, within a OC oniy (OJ picture, a macrcclock was fcurd wo a 
macroWocK type other than 1 . This ts titegai and probably mccates a i'tstrean error 


Ox&4 


ERR.0_M6ENO 

Ounng MPEG operation, wttfim a DC only (D) picture, a macrcpiock was Jcur.p with 0 m 
ifs end of macro&iock bit. This is illegal and orobabiy indicates a bits:.' earn e'*:r. 


0x55 


EBR_SVP_9ACKUP 

Ounng MPEG operation, a slice has been encountered with a s-'ice vertical rcs.^c^ ess 
than that expected. This is fike*y to indicate an error m the ceded data 


0xB6 


ERR_SVP_SKlP^ROwS 

During MPEG operation, a slice has been encountered with a s*.ce veccai pes.*.;" 
greater than that expected. This is itkeiy to mdcate an error m re coded raa 


0xS7 


ERR.PST.MBA.3ACKUP 

Ounng MPEG operation, a macrob/ock has been encountered wish a mac— r z« 
address less than ffiat expected. Thts ts likely to moica(« an errcr m the cocec ra*a 
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OtSb 


During MPEG ooeratron, a maerooiocx has oeen encountered wth a macro Diock f 

1 

address greater than that expected. This t$ iikeiy 10 trcrcate an error m :re coce<3 data. ; 


0xB9 


£RR_»!CTURE_END_UNEXPECT£Q j 
Ourtng MPEG operation, a P!CTURE_END Token has seen encountered tn an j 
unexpected place. This is iiieety to indicate an error m ;!*e coded data. j 


OxEO ..CxEr 


Errors reserved for internal test programs 


OxEO 


ERR.TST.PROGRAM 

Mysteriously a/nved in the test program 


Cx£1 


ERR.NO.PROGRAM 

if the test program is not eompried in 


Qx£2 


£RR_TST,£NO ! 

i 

End Qi Test ! 


QxPO ... OatFr 


Reserved errors j 


GxFO 


SRR.UCOOE.AOOR | 
felt of? the end of the world 1 


OxFl 


Eftft.NOTJMPLEMENTEO j 

J 



Tabie A.14.12 Parser error codes (Sheet 5 of 5) 
Each standard uses a different sub-set of the define r d 
Parser error codes. 



Token Name 


MPEG 


JPEG H.2S1 


ERR.NO.ERROR 


/ 


' I ' 


£RR_EXTENStON_TOKEN 




ERR.EXTENSION.OATA 


/ 


/ i 


ERR.USER.TOKEN 


/ 


/ i 


ERR.UScR.DATA 




ERR.PSPARE 




ERR.GSPARE 


I I ' i 


£RR_PTYPE 






ERR_JP£G_PRAM£ 




/ i 1 


£RR.JPEG_PRAME_LAST 




✓ ! 


ERR.JPEG.SCAN 







Tatote A.14.13 Parser error codes and me different standards 




Table A.14.13 Parser 



error codes and the different standards (contd) 
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A* 14.*- deceiving user and Extension data 

MPEG and JPEG use similar mechanisms to embed user and 
extension data. The data is preceded by a start/marker 
code. The Start Code Detector can be configured to delete 
5 this data (see A. 11,3,3) if the application has no interest 
in such data. 

A« 14 . 6 • x Identifying the source of the data 

The Parser events, ERR_EXTENSION_TOKEN and 
ERR_USER_TOKEN, indicate the arrival of the EXTENSION_DATA 

10 or USER_DATA Token at the Video Demux. If these Tokens 
have been generated by the Start Code Detector, (see 
A . 1 1 . 3 . 3 ) they will carry the value of the start/marker 
code that caused the Start Code Detector to generate the 
Token (see Table A * 1 1 , 4 ) . This value can be read by 

15 reading the rom_revision register while servicing the 

Parser interrupt. The Video Demux will remain halted until 
1 is written to parser_event (see A « 6 . 3 , "Interrupts"), 
A. 14. 6, 2 Reading the data 

The EXTENSION_DATA and USER_DATA Tokens are expected to 

20 be immediately followed by a DATA Token carrying the 

extension or user data. The arrival of this DATA Token at 
the Video Demux will generate either an ERR_EXTENS I ON_D ATA 
or an ERR_USER_DATA Parser event. The first byte of the 
DATA Token can be read by reading the rom_revision register 

25 while servicing the interrupt. 

The state of the Video Demux register, continue, 
determines behavior after the event is cleared. If this 
register holds the value 0, then any remaining data in the 
DATA Token will be consumed by the Video Demux and no 

30 events will be generated. If the continue is set to 1, an 
event will be generated as each byte of extension or user 
data arrives at the Video Demux. This continues until the 
DATA Token is exhausted or continue is set to 0. 
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NOT*": * 

1) The first byte of the extension/user data 

is always presented via the rom_revision 
register regardless of the state of 
5 ' continue. 

2) There is no event indicating that the last 

byte of extension/user data has been 
read. 

A. 14.7 Receiving Extra Information 

10 H.261 and MPEG allow information extending the coding 

standard to be embedded within pictures and groups of 
blocks (H.261) or slices (MPEG). The mechanism is 
different from that used for extension and user data 
(described in Section A. 14 . 6) . No start code precedes the 

15 data and, thus, it cannot be deleted by the Start Code 
Detector . 

During H.261 operation, the Parser events ERR_PSPARE and 
ERR_GSPARE indicate the detection of this information. The 
corresponding events during MPEG operation are 
2 0 ERR_EXTRA_P I CTURE and ERR_EXTRA_SLI CE . 

When the Parser event is generated, the first byte of 
the extra information is presented through the register, 
rom_revision. 

The state of the Video Demux register, continue, 
25 determines behavior after the event is cleared. If this 
register holds the value 0, then any remaining extra 
information will be consumed by the Video Demux and no 
events will be generated. If the continue is set to 1, an 
event will be generated as each byte of extra information 
30 arrives at the Video Demux. This continues until the extra 
information is exhausted or continue is set to 0. 
NOTE: 

l)The first byte of the extension/user data is 
always presented via the rom revision 
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~ register regardless of the state of 
continue . 

2)There is no event indicating that the last 
byte of extension/user data has been 
5 read. 

A • 14 • 7 • 1 Generation of the FIELD_INFO Tolcen 

During MPEG operation, if the register field_info is set 
to i, the first byte of any extra_inf ormat ion_picture is 
placed in the FIELD_INFO Token. This behavior is not 
10 covered by the standardization activities of MPEG. Table 
A. 3. 2 shows the definition of the FIELD_INF0 Token. 

If field_info is set to l, no Parser event will be 
generated for the first byte of extra_inf ormation_picture . 
However, events will be generated for any subsequent bytes 
15 of extra_inf ormat ion_picture . If there is only a single 
byte of extra_inf ormat ion_picture , no Parser event will 
occur . 

A. 14 - 8 Changes at the MPEG sequence layer 



20 



The MPEG sequence header describes the following 
characteristic of the video about to be decoded: 



■ horizontal and vertical si2e 

• pixel aspect ratio 

• picture rate 



■ coded data rate 



25 



• video buffer verifier buffer size 



If any of these parameters change when the Spatial 
Decoder decodes a sequence header, the Parser event 
ERR_MPEG_SEQUENCE will be generated. 
A. 14.8*1 Change in picture size 



30 



If the picture size has changed, the user's software 
should read the values in horiz_pels and vert_pels and 
compute new values to be loaded into the registers 
horiz rr.acroblocks and vert macroblocks . 
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SECTION A.15 Spatial Decoding 

In accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 
5 There are three main units responsible for spatial 

decoding: the inverse modeler, the inverse quantizer and 
the inverse discrete cosine transformer. At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients. 

10 At the output (of the inverse DCT) DATA Tokens contain 8x8 
blocks of pixel information. 
A* 15 . 1 The Inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 

15 of zeros between the coefficients that are represented. 

The Inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coefficients. 

20 The inverse modelling process is the same regardless of 

the coding standard currently being used. No configuration 
is required. 

For a better understanding of the modelling and inverse 
modelling function all requirements the reader can examine 
25 any of the picture coding standards. 
A • 15 • 2 Inverse Quantizer 

In an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients. 
In a decoder, the function of the inverse quantizer is to 
30 multiply up these quantized DCT coefficients to restore 
them to an approximation of their original values. 
A, 15, 2.1 Overview of the standard quantization schemes 
There are significant differences in the quantization 
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schemers* wsed by each of the different coding standards. To 
obtain a detailed understanding of the quantization schemes 
used by each of the standards the reader should study the 
relevant coding standards documents. 
5 The register iq_coding_standard configures the operation 

of the inverse quantizer to meet the requirements of the 
different standards. In normal operation, this coding 
register is automatically loaded by the C0DING_5TANDARD 
Token, See section A. 21.1 for more information about coding 

10 standard configuration. 

The main difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below. 
There are also detail differences in the arithmetic 

15 operations required (rounding etc.), which are not 
described here. 
A. IS. 2. l.i H.261 10 overview 

In H.261, a single "scale factor" is used to scal-e the 
coefficients. The encoder can change this scale factor 

20 periodically to regulate the data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. 15.2.1.2 JPEG 10 overview 

Baseline JPEG allows for a picture that contains up to 4 
25 different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
30 contained m the coded JPEG data and will be loaded 
automatically into the quantization tables. 
A. 15.2. 1.3 MPEG 10 overview 

MPEG uses both H.261 and JPEG quantization techniques. 
Like JPEG, 4 quantization tables, each with 64 entries, can 
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be use*.^ However, use of the tables is quite different. 

Two "types" of data are considered: intra and non- 
intra. A different table is used for each data type. Two 
"default" tables are defined by MPEG . One is for use with 
5 intra data and the other with non-intra data (see Table 
A. 15.2 and Table A. 15*3). These default tables must be 
written into the quantization table memory of the Spatial 
Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables. 
10 One is for use with intra data and the other with non-intra 
data. The values for these tables are contained in the 
MPEG data stream and will be loaded into the quantization 
table memory automatically. 

The value output from the tables is modified by a scale 
15 factor. 

A. IS. 2 .2 Inverse quantizer registers 



Register name 


o 


e 
s 

CO 
* 

e 

tr 


Descnotton 


iq.access 


t 

rw 


0 


This access on stops tne oc*rauon ot trie inverse quantiser so that -ts 
various registers can oe accessed re*iai>iy. See 


tcuccding.standard 


2 

rw 


0 


This register configures :n« cooing siandara used by the *nv*'se 
quantiser. The register can oe loaded directly or ey a 
CODING.STANDARO Token. See A.2i i 


iqjteyhQte .address 


8 

rw 


X 


Keyhole access to tne whtcn notes me 4 quantiser ;aaies. See A.5 3 
ior mora m/ormatton aOout accessing registers thrcugn a 

Keynote. 


iq^ey note, data 


6 

rw 


X 



Table A. 15.1 Inverse quantizer registers 
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In ttie^present invention; the iq_access register must be 
set before the quantization table memory can be accessed. 
The quantization table memory will return the value zero if 
an attempt is made to read it while iq__access is set to 0. 
5 A. 15.2*3 Configuring the inverse quantizer 

In normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the COD I NONSTANDARD Token. 

For H.261 operation, the quantizer tables are not used. 
10 No special configuration is required. For JPEG operation, 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
15 tables are loaded. This should be done while iq_access is 
set to 1. The values in Table A. 15.2 should be written 
into locations 0x00 to 0x3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq_keyhole_data) . 
20 Similarly, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the" inverse quantizer's 
extended address space. 
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Table A. 15.2 Default MPEG table for intra coded blocks 

a. Offset from start of quantization table 

memory 

b. Quantization table value. 
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1 16 




It) 


!6 


*9 


i g 


16 


50 


: 6 


1 


51 


! * 




52 


! =5 


16 


S3 


i 


16 


$4 




16 


£5 




16 


56 


16 


16 


57 


> 0 


16 


58 


IS 


16 


ss ! 


1 5 


16 


60 j 


IS 


16 




15 


16 


62 ! 


16 


16 


53 | 


15 



10 



15 



Table A.15.3 Oefault MPEG table for non-intra coded blocks 
A. 15. 2. 4 configuring tables from Tokens 

As an alternative to conf iguring tne inverse quantizer 

"7" MPI ' be ^ialized by Tokens . 

" SUPPli6d " a ^ — — PC- 

The Q If ANT_TAB LE ToXen is described in Table A. 3. 2 it 
has a two bit field tt which specifies which ^ ^ 4 

3) table locations is defined by the Token. For MPEG 
operation the default definitions of tables 0 and l need 
to be loaded. 

A. 15.2.5 quantization table values 

For both JPEG and MPEG, the auanti, = f «. ,_, 

< tne quantization table entries 
are 3 bit numbers. The values 25s ho , , 
, , s 42 = 5 to 1 are legal. The 

value 0 is illegal. 

A. 15. 2. 6 Number ordering of quantization tables 



The~quentization table values are used in "zig-zag" scan 
order (see the coding standards) * The tables should be 
viewed as a one dimensional array of 64 values (rather than 
a 3x8 array) . The table entries at lower addresses 
correspond to the lower frequency DCT coefficients. 

When quantization table values are carried by a 
QUANT_TABLE Token, the first value after the Token header 
is the table entry for the "DC" coefficient. 




332 

A.lS.fr7» inverse quantizer test registers 







e 


1 


Register name 


1 


a 

* 


1 

i 

Descnptton j 


iq_quant_scaie 


5 




This register holds the current vaJue of the cuam.sauon scase /a=:cr -t s 
loaded by the QU ANT^SCALE Token. This is not used cunng _?=3 
operation. 


lq_componem 


i 

2 

rw 




This register holds the two btt component 10 taKen from tne rsost .-eceni 
DATA Token head. This value is involved tn the se/ection o( the 
quantiser table. 

The register wUl also hold the tabie ID after a QU ANT_TA8 LE ~oken 
amves to load the table. 


iq_predictton_mode 


2 

rw 




This holds the two LSBs of the most recent PRED(CTiON_MODE | 
Token, 


lqJpeg_mdtrection 


3 




This register relates tne two tx( component iO number of a DATA ~c«en 
to tne table number of the quantisation table that should be used. 

Bits 1:0 specify the table numper mat will be sued with component 0 

t 

Bits 3:2 specify the table number that will be sued with component i I 
Bits 5:4 speciry the table number that w»ti be sued with comocrem 2 j 
Bits 7:6 specify the table number that wUl be sued with component 3 
This register is loaded by JPEGJTABLE.SELECT Tokens. [ 


lq_mpeg_indireetion 


2 
rw 


0 


This two bit register records wnether to use default or down tcaced 
Quantisation tables with the intra and non-mtra data. 

A 0 tn the bit position indicates that the default table should be used a i 
mdcates that a down loaded table should be used. 

Bit 0 relers to intra data, Sit 1 refers to non-mtra data. This register -s 
normally loaded by the Token MPEG_TABLE,S£LECT 



Table A.15,4 Inverse quantiser test registers 
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A«15*>- inverse Discrete Cosine Transform 

The inverse discrete transform processor of the present 
invention meets the requirements set out in CCITT 
recommendation H.261, the IEEE specification P1180 and 
5 complies with the requirements described in current draft 
revision of MPEG. 

The inverse discrete cosine transform process is the 
same regardless of which coding standard is used. No, 
configuration by the user is required. 
10 There are two events associated with the inverse 

discrete transform processor* 



Register name 


O 
«! 

tn 


Reset Slate 


i 

Description j 


idctjoo Jew.event 


1 

rw 


0 


The Inverse OCT requires that ail DATA Tokens contain exacrty 
values, if less than 64 values are lound men me too-few event *«i 
generated, if th« mask register is set to i then an interrupt can 
generated ahd the inverse OCT will hail r 

This event should only occur following an ertor m the coded data. 


idct_toojew_ma$k 


1 

rw 


0 


ldct_too_many_event 


^ 

rw 


0 


The Inverse OCT requires that aJf DATA Tokens contain exactly 64 ! 
vaiues. it more than 64 vaiues are found then the too-many event wii &e 1 

i 

gerwattd* If the mask register is set to 1 then ah interrupt can be | 

I 

generated and the inverse OCT will hail ' 

i 

This event should orty occur following an error in the coded data. 


!dct_too_many_ma$k 


1 

rw 


0 



Tab*e A«15.5 inverse DCT event registers 



For a better understanding of the DCT and inverse DCT 
function the reader can examine any of the picture coding 
15 standards. 
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SECTF6N A. 16 Connecting to the output of Spatial 
Decoder 

The output of the Spatial Decoder is a standard Token 
Port with 9 bit wide data words. See Section A. 4 for more 
5 information about the electrical behavior of the interface. 
The Tokens present at the output will depend on the 
coding standard employed. By way of example, this section 
of the disclosure looks at the output of the Spatial 
Decoder when configured for JPEG operation. This section 
10 also describes the Token sequence observed at the output of 
the Temporal Decoder during JPEG operation as the Temporal 
Decoder doesn't modify the Token sequence that results from 
decoding JPEG. 

However, MPEG and H.261 both require the use of the 
15 Temporal Decoder. See section A. 19 for information about 
connecting to the output of the Temporal Decoder when 
configured for MPEG and H.261 operation. 

Furthermore, this section identifies which of the Tokens 
are available at the output of the Spatial Decoder and 
20 which are most useful when designing circuits to display 
that output. Other Tokens will be present, but are not 
needed to display the output and, therefore, are not 
discussed here. 

This section concentrates on showing: 
2 5 -How the start and end of sequences can 

be identified. 
• How the start and end of pictures can be 
identif ied . 

■How to identify when to display the picture. 
30 -How to identify where in the display the 

picture data should be placed. 
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A.l«.l structure of JPEG pictures 

This section provides an overview of some features of 
the JPEG syntax ♦ Please refer to the coding standard for 
full details. 

5 JPEG provides a variety of mechanisms for encoding 

individual pictures. JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance with the present 

10 invention, supports JPEG's baseline seguential mode of 
operation. There are three main levels in the syntax: 
Image, Frame and Scan. A sequential image only contains a 
single frame. A frame can contain between 1 and 2 56 
different image (color) components. These image components 

15 can be grouped, in a variety of ways, into scans. Each 
scan can contain between 1 and 4 image components (see 
Figure 81 "Overview of JPEG baseline sequential 
structure" } . 

If a scan contains a single image component, it is non- 
20 interleaved , if it contains more than one image component, 
it is an interleaved scan. A frame can contain a mixture 
of interleaved and non-interleaved scans. The number of 
scans that a frame can contain is determined by the 256 
limit on the number of image components that a frame can 
2 5 contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.2 61. These MCUs are raster 
ordered within a picture. In a non-interleaved scan, the 
30 MCU is a single 8x8 block. Again, these are raster 
organized. 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 
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decoded* However, some reconfiguration between scans may 
be required to accommodate the next set of components to be 
decoded. 

A* 16.2 Token sequence 

5 The JPEG markers codes are converted to an analogous 

MPEG named Token by the Start Code Detector (see Table 
A. 11 . 4 , see Fig. 82 "Tokenized JPEG picture") ♦ 
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SECTI6N A. 17 Temporal Decoder . 

• 30 MH 7 operation 

■Provides temporal decoding for MPEG & H.261 video decoders 
•H.261 CIF and QCIF formats 
5 * MPEG video resolutions up to 704x480, 30 Hz, 4:2:0 

• Flexible chroma sampling formats 

• Can re-order the MPEG picture sequence 
•Glue-less DRAM interface 

• Single +5V supply 

10 • 208 pin PQFP package 

•Max. power dissipation 2 . 5W 

• Uses standard page mode DRAM 

The Temporal Decoder is a companion chip to the Spatial 
Decoder. It provides the temporal decoding required by 
15 H.261 and MPEG. 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H.261. With a single 
4 Mb DRAM (e.g., 512 k x 8) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
20 k x 16) the 704 x 480, 30Hz, 4:2:0 MPEG video can be 
decoded . 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG) . If included in a multi-standard 
decoder; the Temporal Decoder will pass decoded JPEG 

25 pictures through to its output. 

Note: The above values are merely illustrative/ by way of 
example and not necessarily by way of limitation, of one 
embodiment of the present invention. It will be 
appreciated that other values and ranges may also be used 

30 without departing from, the invention. 
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A*17.f~ temporal Decoder Signals 





I/O 


Pin Nijmoef 






t 


>7j, 172, 171, loS. >oo, 167, too. i5-d. 
163 


mout Pen. This <s a sancar; -*o *<fe 
interface nerrraiiy ccnnec:ac :o Te 


in_extn 


1 


174 


Ouaui Pore :f ;*e Soatia: ~*c:cer 


in_vai*d 




1S2 


See sections a. * z~c 

A. 18.1 


in_accepi 


0 


161 


enaote(l:0] 


1 


126, 127 


Micro Processor interface VP 1 ' 


r* 


1 


125 




3ddr(7:0] 


1 


137, 136. 135. 133. 132. 131, 130. 128 




c3ata[7:0] 


0 


152. 151. 149, 147. 14S. 143, 141, 140 


See A.s.i on ;a;e 59. 


?7q 


0 


154 




ORAMj3ata(31:0j 


I/O 


15, 17. 19.20.22,25, 27,30.31,33.35, 
38. 39. 42, 44. 47 f 49. 57, 59, 61 . 63, 66. 


DRAM interface. 






CO "7fi 7^ "7A TO O^X OA DC 
oo, »y, / A, /*. fQ, /», Ol, 64, (5*. OS 


See section A.5.2 




w 


100,. too. i(53, 1«, 1SJ, 133, 19/, 

199. 200, 203 


5a3 


0 


11 






0 


2. 4. 8. 8 




wl 


0 


12 






0 


204 


1 


OfiAM.enaftte 


1 


112 




out.data[7:0) 


0 


89. 90. 92, 93, 94, 95. 97, 98 


Outoui Pon. Ths is a s;arc*vo >o wire 


out^ertn 


0 


87 


interface. 


out.vaiid 


0 


99 


See sections A 4 arc a t 3 


out.accept 


1 


100 


tCK 


1 


115 




tdi 


1 j 116 


See section a. 3 


tdo 


I ° 


120 


j tms 


1 


117 






{ 


121 




decooer_cioc* 


1 


177 


The mam aecccer ciocK. See 
Ta&le a.7 2 


reset 


1 ISO 


Reset 



Table A.17.1 Temporal Decoder signals 




Signal Name 


I/O 


Ptn Num. 


Description 


tpnOtsh 


I 122 


If override * i men tpnQisn and tpniisn ar« r.puts 'or ;n<r.-c 
two pnase clock. 

For normal operation sat override * 0. tphdsn and tpniish are 
ignored (so connect to GNO or V 00 ). 


tpMisn 


1 


123 


override 


1 


110 


; cnmtest 

! 


f 


111 


Set cnlptest * 0 (or normal operation. 


tiooo 


I 


114 


Connect to GNO or V 00 duing normal opera:en. 


ramtest 


1 


1C9 


If rimtest » 1 lest of the on-cruo fkAMs a enatfed. 
Set ramtest * 0 for normaJ operation. 


pusetect 


{ 


178 


It pilseiect * 0 tfte on-chip phase locked locrs are ctsaoied. 
Set pilseiect * i for normal operation. 


ti 


! 


180 


Two clocks required by the DRAM interface curing ;cera:icn. 
Connect to GNO or V 00 during normal ooera;on. 


tQ 


*l 


179 


pdout 


0 


207 


These two pins are connections for an 
externa* filter for the phase lock loop. 


pdin 


1 


206 



Table A, 17 . 2 Temporal Decoder Teat signals 



Signal Name 


Ptn 


SignaJ Name 


Pin 


Signal Name 


Pin 


Signal Name 


Prn 


nc 


208 


nc 


156 


nc 


104 




52 ; 


test ptn 


207 


nc 


155 


nc 


103 




51 


test ptn 


206 


irq 


154 


nc 


102 


nc 


£0 


GNO 


205 


nc 


153 


VOO 


101 


CRAW,daia{i5i 


49 


OH 


204 


data(7] 


152 


out.accept 


100 


nc 


43 


OflAM_acof{0| 


203 


dau{6] 


151 


ouL*a*d 


99 


0RAM_data(i5i 


47 




202 


nc 


150 


ouLdata(O) 98 


nc 


46 


nc 


201 


data{5] 


149 


out.data{i] 


97 


GNO 


4$ 


OflAW.addrp) 


200 


nc 


148 


GNO 


96 


CRAM_data(i7] 


i-1 


DRAM -a ddrt2t 


199 


data(4] 


147 


out_cata{2J 


95 


rc 


4j 


GNO 


198 


GNO 


U6 


out.data[3) 


94 


0RAM_data(iS] 


42 


DRAM_acdr(3j 


197 


data{3] 


145 


ouUdata(4) 


93 


vzo 


41 


nc 


196 


nc 


144 


out.data(51 


92 


nc 


40 



Table A.17.3 Temporal Decoder Pin Assignments 




161 

Tabte 



' — -I — . ' vco 

A.17.3 Temporal (Decoder Pin Asl^^^ 
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SignaJ Name 


Pin 


Sign*! Name 


Pin 


Signal Nanfl 


Pm 


StgnaJ Name 


Pin j 


reset 


160 


nc 


108 


VOO 


56 






voo 


159 


nc 


107 


nc 


55 


nc 


3 ; 


nc 


158 


nc 


106 


nc 


54 


C3B{3| 


2 : 


nc 


157 


nc 


105 


nc 


53 


nc 1 



Table A. 17. 3 Temporal Decoder Pin 
Assignments (contd) 

A* 17 . 1 . l "nc" no connect pins 

The pins labelled nc in Table A. 17. 3 are not currently 
5 used in the present invention and are reserved for future 
products. These pins should be left unconnected* They 
should not be connected to V DU , GND, each other or any 
other signal. 

A* 17 • 1.2 V D0 and GND pins 

10 As will be appreciated all the V DD and GND pins provided 

must be connected to the appropriate power supply. The 
device will not operate correctly unless all the V DD and 
GND pins are correctly used. 

A. 17. 1.3 Test pin connections for normal operation 

15 Nine pins on the Temporal Decoder are reserved for 

internal test use. 



Pin number 


Connection | 




Connect to GNO for noma! operaoon j 




Connect to V 00 (or normal operation j 




Leave Ooen Circuit for normal operation | 



Table A. 17. 4 Default test pin connections 




342 

A.l7.3Tr4* JTAG pins for normal operation 

See Section A. 8 . 1 . 



Addr. (hex) 


Regtsier Name 


See lacte ; 


0x00 


0x01 


interrupt service area 


■* ' 


7 5 1 


0x02 


0x07 


Not used 


i 


0x08 


Chip access 


A 17 7 | 


0x09 


OxOf 


Not used 


t 


0x10 


Picture sequencing 


A > 


7 3 ! 


0x11 ... 


OxlF 


Net used 


t 
i 


0x20.. 


Gx2£ 


ORAM interface configuration reefers 


A,. 


7 3 ' 


0x2F„ 


0x3F 


Not used J ] 


0x40 .. 


0x53 


Butter configuration 


A.i 


7 3 i 


0x54,. 


0x5F 


Not used j ; 


0x60 


OxFF 


Test registers 




Table A. 17. 5 Overview of Temporal 
memory map 


Decoder 


Addr. 
(h«xj 


e« 

num. 


Register Name 


Page references 

i 


0x00 


7 


chip.event J ' 




62 


not used | ! 




1 


cftip.ttopped.tvent j 




0 


coum„*fror_ev«m j J 


0x01 


7 


cfiip^mesk 




t ! 




5:2 


not used | j 




t 


cfiip.slopped _m*»k 








0 


eount_«rTor_mas* 




i 



5 



acie a, 17. 6 Interrupt service area registers 




c 

m 

Si 

-J 
OJ 

m 
m 
o 
u 

O 

□ 





Table A. 17. 9 DRAM interface Cflnf . 

Ce conf iguration registers 
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Table A. 17. 9 DRAM interface configuration 
registers (contd) 



Addr. 
(hex) 


Sit 
num. 


Register Name 


Page references 


0x40 


7:0 


not used 




0X41 


75 


i 


1:0 


picture_8uffef_0[17:0) j 

I 


' 0x42 


7:0 


0x43 


7:0 


0X44 


7:0 


not used j 

! 


0x45 


7:2 




1:0 


ptcture Suffer 1(17:0] j 

I 

i 

f 
i 

. . I 


Cx4£ 


7:0 


0x47 | 7;0 



Table A.17.10 Buffer configuration registers 
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Addf. 
{*ex} 


Bit 
num. 


Resale* Na/rn 


Pa«e references 


0x4* | 7;0 


not used 


I 
I 


0x49 


7:1 


0 


component^ j«t.0(l6:0] 




0x4A 


7:0 


0x48 


7:0 


0x4C 


7:0 


not used I j 

I ! 

1 1 


Gx4D 


71 


0 


component_offset_i (16:0] 


i 


0x4g 


7:0 


0x4P 


7:0 


0x50 


7:0 


not used 


I 


0x51 


7:1 


0 


compofttnt_otfj«L2n$*0l 




0xS2 


7:Q 


0x50 


7:0 



Table A.17.10 Buffer configuration registers (contd) 



Addf. 


Bit 


Register Name 


Page references 


^ex> 


num. 






0x2E 


7... 4 


PLL resistors 






3 „.0 






0x60 


7.. .6 


not used 




5... 4 


eodlng_standard(l:0] | 




3.. .2 


picture jryp«( 1:0] 


! I 




1 


H261JIU I ! 




0 


H261.SJ j I 


0x61 


7... 6 


componem.id t I 




5. ..4 


pr*dtction_mode 




1 


3...0 


J max.samofing 


I J 


L — 

j 0x62 


| 7...0 






0x63 


7 ...0 


samo.v 



Table A.17.11 Test registers 



t 

f*ex) 


Stt 
num. 


Register Name 


i 

Page r«/«r«nces j 

| 


0x&4 


7...0 






0x65 


7...0 




0x56 j 7 ... 0 


bacx.v 


i 
1 

1 


0x67 


7... 0 




0x68 


7...0 




l 
i 

1 


0x69 


7...0 


0x6A j 7... 0 


forw_v 


! 


0x53 


7...0 


OxSC | 
0x60 


7...0 
7 ...0 


widtft_in_ino 





Table A. 1 7. 1 1 Test registers (contd) 



« A. i7.li Test registers (contd) 
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SECTION A.18 Temporal Decoder Operation 

A.lt.l Data input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit vide data words. In roost 
applications, this will be connected directly to the output 
Token Port of the Spatial Decoder. See Section A, 4 for 
more information about the electrical behavior of this 
interface. 

A. 18*2 Automatic configuration 

Parameters relating to the coded video's picture format 
are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder. 



Token 


Configuration performed 


COO IMOSTANDAJU) 


The coding standard of tha Temporal 
Dacodar ia automatically configured by the 
CODXKG^STAMDARD Token. This ia generated 
by the Spatial Decoder each time a new 
sequence ia started. See Figure 58 


DEFINE SAMPLING 


The horizontal and vertical chroma 
sampling information for each of the color 
components is automatically configured by 
DEriNE_SAMPLIMG Tokena ♦ 


HORI ZONTAX,_KBS 


The horizontal width of pictures in macro 
blocka is automatically configured by 
HORI 20HTAL_KBS Token, 



Table A. 18*1 configuration of Temporal 
Decoder via Tokens 
A. 18. 3 Manual configuration 

The user must configure (via the microprocessor 
interface) application dependent factors- 
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A. I8.*^i<* When to configure 

The Temporal Decoder should only be configured when no 
data processing is taking place. This is the default state 
after reset is removed. The Temporal Decoder can be 
5 stopped to allow re-configuration by writing 1 to the 

chip^access register. After configuration is complete, 0 
should be written to chip_access. 

See Section A . 5 ♦ 3 for details of when to configure the 
DRAM interface. 

10 A . 18.3.2 DRAM interface 

The DRAM interface timing must be configured before it 
is possible to decode predictively coded video (e.g., H.261 
or MPEG). See Section A. 5, "DRAM Interface". 
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Register name 


*• 


• 

CO 

• 
« 


! 

Description 1 


i critp_access 


I 

rw 


1 


Writing i to chip.access requests that the "er-ccrai Zeccrer na-t 
operation to allow re-configuration, The Terr;c:ai 3ecocs' *»u 
continue operating normally until it reaches s-"- fa ;-"<*•"! 
video sequence. After reset .>s removed chip_acces$- '< ■ e f e 
Temporai Decoder rs hatted. 

When tn« chip stops a chip stopped event wm occur :.' 
ertip_s:opped_mask * 1 an mtemjpt will te generated. 


1 ■ 

chip_stopped_event 


1 

rw 


0 


chip^stopped mas* 

! 

i 


1 

rw 


0 


i 

count_error_event 


t 

rw 


0 


The Temporal Decoder has an adder that aces pr esic-ors ;o er::r 
data, tf there is a difference Between the numcer of error ;a:a oyres 
and the number of prediction data bytes then a count er.-c -vent s 
generated. 

if eount_error_mask * 1 an interrupt will te generates a*r 
prediction forming wtll stop. 

This event should only arise following a hardware errsr 


coum_error_mas* 


1 

rw 


0 


pic:ure_bufter_0 


18 
rw 


X 


These specify me base addresses for the picrjre 5u«* r s 


picture_buf1er_1 


18 
rw 


X 


compon«m_orfs«t - 0 


17 
rw 


X 


Th«se specify the ortset from :ne picture buffer pointer a: *".icn 
each of the cotour components is stored. Data with earr-pe-en; :c = 
n is stored starting at r.e pos'aon tndicated Py 
component.offset_n. See A.XS.i. "Compcrent icerufzzzzn 
number* 


componem^offset.l 


17 
rw 


X 


component_orf$e*_2 


17 
rw 


X 


j MPSG.reorcenng 


1 

rw 


0 


Setting inis register to i ma*es the Temporal 2ecocer cra*;e ~>~* 
picture order from the non-causal MPSG ?«c:ur» secedes *= *~e 
correct display order ey the. See a.' 8.3-5 



Table A.18.2 Temporal Decoder registers 
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A-18*3=r-3^ Numbers in picture buffer registers 

The picture buffer pointers (18 bit) and the component 
offset (17 bit) registers specify a block (8x8 bytes) 
address, not a byte address. 
5 A. 18-3.4 Picture buffer allocation 

To decode predictively coded video (either H.261 or 
MPEG) the Temporal Decoder must manage two picture buffers. 
See Section A* 18,4 and A. 18. 4. 4 for more information about 
how these buffers are used. 

10 The user must ensure that there is sufficient memory 

above each of the picture buffer pointers (picture_jDuf f er_0 
and picture__buf f er_l ) to store a single picture of the 
required video format (without overlapping with the other 
picture buffer). Normally, one of the picture buffer 

15 pointers will be set to 0 (i.e., the bottom of memory) and 
the other will be set to point to the middle of the memory 
space . 

A, 18. 3.4.1 Normal configuration for MPEG or H.261 

H.261 and MPEG both use a 4:1:1 ratio between the 
20 different color components (i.e., there are 4 times as many 
luminance pels as there are pels in either of the 
chrominance components) . 

As documented in Section A. 3. 5.1, "Component 
Identification number", component 0 will be the luminance 
25 component and components 1 and 2 will be chrominance. 
An example configuration of the component offset 
registers is to set component_of f set_0 to 0 so that 
component 0 starts at the picture buffer pointer. 
Similarly, component_of f set_l could be set to 4/6 of the 
30 picture buffer size and ,component__of f set 2 could be set to 
- 5/6 of the picture buffer size. 

A. 18.3.5 Picture sequence re-ordering 

MPEG uses three different picture types: Intra (I), 
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Predicted (P) and Bidirectionally interpolated (B) . B 
pictures are based on predictions from two pictures: one 
from the future and one from the past. The picture order 
is modified at the encoder so that I and P picture can be 
5 decoded from the coded date before they are required to 
decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can 
provide this picture re-ordering (by" setting register 

10 MPEG_reordering = 1) . Alternatively, the user may wish to 
implement the picture re-ordering as part of his display 
interface function. Configuring the Temporal Decoder to 
provide picture re-ordering may reduce the video resolution 
that can be decoded, see Section A. 18.5. 

15 A. 18.4 Prediction forming 

The prediction forming requirements of H.261 decoding 
and MPEG decoding are quite different. The COD I NG__S T AN D ARD 
Token automatically configures the Temporal Decoder to 
accommodate the prediction requirements of the different 

2 0 standards. 

A. 18.4. l JPEG Operation 

When configured for JPEG operation no predictions are 
performed since JPEG requires no temporal decoding. 
A. 18.4.2 H.261 Operation 
25 In H.261, predictions are only from the picture just 

decoded. Motion vectors are only specified to integer 
pixel accuracy. The encoder can specify that a low pass 
filter be applied to the result of any prediction. 
As each picture is decoded, it is written in to a 

3 0 picture buffer in the off -chip DRAM so that it can be used 

in decoding the next picture. Decoded pictures appear at 
the output of the Temporal Decoder as they are written into 
the off-chip DRAM. 

For full details of prediction, and the arithmetic 



operations involved, the reader is directed to the H.261 
standard. The Temporal Decoder of the present invention is 
fully compliant with the requirements of H.261, 
A. 18.4.3 MPEG operation (without re-ordering) 

The operation of the Temporal Decoder changes for each 
of the three different MPEG picture types (I, P and B) . 

M r pictures require no further decoding by the Temporal 
Decoder, but must be stored in a picture buffer (frame 
store) for later use in decoding P and B pictures,. 

Decoding P pictures requires forming predictions from a 
previously decoded P or I picture* The decoded P picture 
is stored in a picture buffer for use in decoding P and B 
pictures* MPEG allows motion vectors specified to half 
pixel accuracy. On-chip filters provide interpolation to 
support this half pixel accuracy. 

B pictures can require predictions from both of the. 
picture buffers. As with P pictures, half pixel motion 
vector resolution accuracy requires on chip interpolation 
of the picture information. B pictures are not stored in 
the off -chip buffers. They are merely transient. 

All pictures appear at the output port of the Temporal 
Decoder as they are decoded. So, the picture sequence will 
be the same as that in the coded MPEG data (see the upper 
part of Figure 85) . 

For full details of prediction, and the arithmetic 
operations involved, the reader is directed to the proposed 
MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 
A. 18. 4.4 MPEG Operation (with re-ordering) 

When configured for MPEG operation with picture re- 
ordering (MPEG_reordering = 1) , the prediction forming 
operations are as described above in Section A. 18.4.3, 
However, additional data transfers are performed to re- 
order the picture sequence. 
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B p%-ci3pure decoding is as described in section A. 18.4,3. 
However, I and P pictures are not output as they are 
decoded. Instead, they are written into the off-chip 
buffers (as previously described) and are read out only 
5 when a subsequent I or P picture arrives for decoding. 
A« 18 « 4 « 4 « 1 Decoder start-up characteristics 

The output of the first I picture is delayed until the 
subsequent P (or I) picture starts to decode. This should 
be taken into consideration when estimating the start-up 

10 characteristics of a video decoder. 

A. 18 « 4.4.2 Decoder shut-down characteristics 

The Temporal Decoder relies on subsequent P or I 
pictures to flush previous pictures out of its off-chip 
buffers (frame stores) . This has consequences at the end 

15 of video sequences and when starting new video sequences. 
The Spatial Decoder provides facilities to create a "fake" 
I/P picture at the end of a video sequence to flush out the 
last P (or I) picture. However, this "fake" picture will 
be flushed out when a subsequent video sequence starts. 

20 The Spatial Decoder provides the option to suppress this 

"fake" picture. This may be useful where it is known that 
a new video sequence will be supplied to the decoder 
immediately after an old sequence is finished. The first 
picture in this new sequence will flush out the last 

2 5 picture of the previous sequence, 

A. 18* 5 Video resolution 

The video resolution that the Temporal Decoder can 
support when decoding MPEG is limited by the memory 
bandwidth of its DRAM interface. For MPEG, two cases need 

3 0 to be considered: with and without MPEG picture re- 

ordering . 

Sections A. 18.5.2 and A. 18.5. 3 discuss the worst case 
requirements required by the current draft of the MPEG 
specification. Subsets of MPEG can be envisioned that have 
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lower Memory bandwidth requirements. For example, using 
only integer resolution motion vectors or, alternatively, 
not using B pictures, significantly reduce the memory 
bandwidth requirements. Such subsets are not analyzed 
5 here. 

A* 18.5.1 Characteristics of DRAM interface 

The number of cycles taken to transfer data across the 
DRAM interface depends on a number of factors: 

-The timing configuration of the DRAM interface 
10 to suite the DRAM employed 

•The data bus width (8, 16 or 32 bits) 
•The type of data transfer: 

* 8x8 block read or write 

* for prediction to half pixel accuracy 

15 * for prediction to integer pixel accuracy 

See section A . 5 , "DRAM Interface", for more information 

about the detail configuration of the DRAM interface. 

Table A. 18.3 shows how many DRAM interface "cycles" are 

required for each type of data transfer. 



Data bus width 
(bits) 


read or wnte 8x3 
block 


form prediction {half 
pixet accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


1 page address «► 64 

transfers 


4 page address ^> 81 
transfers 


4 page address * 54 
transfers 


16 


1 page address + 32 
transfers 


4 page address ^45 
transfers 


4 page address - *0 
transfers 


32 


1 page address + 1 6 
transfers 


4 page address * 27 
transfers 


4 page ataress * 24 
transfers < 



Table A.18.3 Data transfer times for Temporal Decoder 
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Tab*e-A.18.4 takes the figures in Table A* 18,3 and 
evaluates them for a "typical" DRAM - In this example, a 27 
MHz clock is assumed. It will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The 
5 access start takes 11 ticks (I02ns).and the data transfer 
takes 6 ticks (56 ns) . 

A. 18 . 5 * 2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B 
pictures. In a "worst case" scenario, the B frame may be 
10 formed from predictions from both the picture buffers with 
all predictions being to half pixel accuracy* 









form predtction 


Data bus width 


read or wnte 8x8 


form prediction (half 


(truegef o^ei 


(bits) 


bfock 


ptxei accuracy) 


accuracy) 


3 


36S7 ns 


4907 ns 


3963 ns 


16 


1880 ns 


2907 ns 


2135 ns 


32 


991 ns 


1907 ns 


1741 ns j 



Table A. 18.4 Illustration with "typical" DRAH 

Using the example figures from Table A. 18.4, it can be 
seen that it V/~ - " take the DRAM interface 3815 ns to read 

15 the data requii^- for two accurate half pixel accurate 

predictions (via a 32 bit wide interface) . The resolution 
that the Temporal Decoder can support is determined by the 
number of riiase predictions that, can be performed within 
one picture time* In this example, the Temporal Decoder 

20 can pro;-: 8737 8x8 blocks in a single 33 ms picture 
period (e g., for 30 Hz video). 
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If the* required video format is 704 x 480, then each 
picture contains 7920 8x8 blocks (taking into 
consideration the 4:2:0 chroma sampling). It can be seen 
that this video format consumes approx. 91% of the 
5 available DRAM interface bandwidth (before any other 

factors such as DRAM refresh are taken into consideration) . 
Accordingly, the Temporal Decoder can support this video 
format . 

A , 18 . 5 . 3 HPEG resolution with re-ordering 

10 When MPEG picture re-ordering is employed the worst case 

scenario is encountered while P pictures are being decoded. 
During this time, there are 3 loads on the DRAM interface: 



Using the example figures from Table A. 18. 3, we can find 
the time it takes for each of these tasks when a 32 bit 
wide interface is available. Forming the prediction takes 
1907 ns/n while the read and the write each take 991 ns, a 
20 total of 3889 ns. This permits the Temporal Decoder to 
process 3435 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 430 video will use approximately 
93% of the available memory bandwidth (ignoring refresh) . 
A.18.5.4 H-261 

25 H.261 only supports two picture formats GIF (352 x 233) 

and QCIF (172 x 144) at picture rates up to 30 Hz. A CIF 
picture contains 2376 8x3 blocks. The only memory 
operations required are the writing of 8 x 8 blocks and the 
forming of predictions with integer accuracy motion 

3 0 vectors. 

Using the example figures from Table A. 18.4 for an 8 bit 
wide memory interface, it can be seen that writing each 
block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n, a total of 7620 ns per ■ 



15 



* form predictions 

* write back the result . 

* read out the previous P or I picture 
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block.— Therefore, the processing time for a single CIF 
picture is about 18 ms, comfortably less than the 33 ms 
required to support 30 Hz video. 
A. 18 . 5 ♦ 5 JPEG 

5 The resolution of JPEG "video" -that can be supported 

will be determined by the capabilities of the Spatial 
Decoder of the invention or the display interface. The 
Temporal Decoder does not affect JPEG resolution. 
A. 18 .6 Events and Errors 

10 A, 18.6.1 Chip Stopped 

In the present invention, writing 1 to chip_access 
requests that the Temporal Decoder halt operation to allow 
re-configuration. Once received, the Temporal Decoder will 
continue operating normally until it reaches the end of the 

15 current video sequence. Thereafter, the Temporal Decoder 
is halted. 

When the chip halts, a chip stopped event will occur. 
If chip_stopped_mask=l , an interrupt will be generated. 
A. 18.6.2 Count Error 
20 The Temporal Decoder, of the present invention, contains 

an adder that adds predictions to error data. If there is 
a difference between the number of error data bytes and the 
number of prediction data bytes, then a count error event 
is generated. 

2 5 If count_error_mask = 1 an interrupt will be generated 

and forming prediction will stop. 

Writing 1 to count_error_event clears the event and 
allows the Temporal Decoder to proceed. The DATA Token 
that caused the error will then proceed. However, the DATA 

3 0 Token that caused the error will not be of the correct 

length (64 bytes) . This is likely to cause further 
problems. Thus, a count error should only arise if a 
significant hardware error has occurred. 
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SECTION. A. 19 Connecting to the output of the 
Temporal Decoder 

The output of the Temporal Decoder is a standard Token 
Port with 8 bit wide data words. See Section A . 4 for more 
5 information about the electrical behavior of the interface. 

The Tokens present at the output of the Temporal Decoder 
will depend" on the coding standard employed and, in the 
case of MPEG , whether the pictures are being re-ordered. 
This section identifies which of the Tokens are available 
10 at the output of the Temporal decoder and which are the 

most useful when designing circuits to display that output. 
Other Tokens will be present, but are not needed to display 
the output and, therefore they are not discussed here. 
This section concentrates on showing: 
15 -How the start and end of sequences can be identified. 

•How the start and end of pictures can be identified. 
-How to identify when to display the picture. 
•How to identify where in the display the picture 
data should be placed. 
20 A. 19.1 JPEG output 

The Token sequence output by the Temporal Decoder when 
decoding JPEG data is identical to that seen at the output 
of Spatial Decoder. Recall, JPEG does not require 
processing by the Temporal Decoder. However, the Temporal 
2 5 Decoder tests intra data Tokens for negative values 

(resulting from the finite arithmetic precision of the IDCT 
in the Spatial Decoder) and replaces them with zero. 

See Section A. 16 for further discussion of the output 
sequence observed during JPEG operation. 
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A. 19,*^ it. 261 Output 

A. 19*2.1 start and end of sessions 

H.261 doesn't signal the start and end of the video 
stream within the video data. Nevertheless, this is 
5 implied by the application. For example, the sequence 
starts when the telecommunication connection is made and 
ends when the line is dropped. Thus, the highest layer in 
the video syntax is the "picture layer 11 . 

The Start Code Detector of the Spatial Decoder in 
10 accordance with the invention, allows SEQUENCE_START and 

CODI NONSTANDARD Tokens to be inserted automatically before 
the first PICTURE_START . See sections A. 11.7. 3 and 
A. 11. 7, 4 . 

At the end of an H.261 session (e.g., when the line is 
15 dropped) the user should insert a FLUSH Token after the end 
of the coded data. This has a number of effects (see 
Appendix A. 3 1 . 1 : 

* It ensures that PICTUR£_END is generated to 

signal the end of the last picture. 
20 * It ensures that the end of the coded data is pushed 

through the decoder. 
A* 19.2 ,2 Acquiring pictures 

Each picture is composed of a hierarchy of elements 
referred to as layers in the syntax. The sequence of 
25 Tokens at the output of the Temporal Decoder when decoding 
H.261 reflects this structure. 
A. 19 .2.1 Picture layer 

Each picture is preceded by a PICTURE_START Token and 
each is immediately followed by a PICTURE_END Token. H-261 
30 doesn't naturally contain a picture end. This Token is 
inserted automatically by the Start Code Detector of the 
Spatial Decoder. 

After the PICTURE__START Token, there will be 
TEMPORAL REFERENCE and PICTURE TYPE Tokens. The 



TEMPOf%*tL-REFERENCE Token carries a 10 bit number (of which 
only the 5 LSBs are used in H.261) that indicates when the 
picture should be displayed. This should be studied by any 
display system as H.261 encoders can omit pictures from the 
5 sequence (to achieve lower data rates) . Omission of 
pictures can be detected by the temporal reference 
incrementing by more than one between successive pictures. 

Next, the PICTUREJTYPE Token carries information about 
the picture format. A display system may study this 
10 information to detect if CIF or QCIF pictures are being 

decoded. However, information about the picture format is 
also available by studying registers within the Huffman 
decoder . 

<Xref to Huffman decoder section> 

15 A, 19.2.2 ,2 Group of Blocks Layer 

Each H.261 picture is composed of a number of "groups of 
blocks". Each of these is preceded by a SLICE_START Token 
(derived from the H.261 group number and group start code). 
This Token carries an 8 bit value that indicates where in 

20 the display the group of blocks should be placed. This 
provides an opportunity for the decoder to resynchronize 
after data errors. Moreover, it provides the encoder with 
a mechanism to skip blocks if there are areas of a picture 
that do not require additional information in order to 

2 5 describe them. By the time SLICE_START reaches the output 
of the Temporal Decoder, this information is effectively 
redundant as the Spatial Decoder and Temporal Decoder have 
already used the information to ensure that each picture 
contains the correct number of blocks and that they are in 

30 the correct positions. Hence, it should be possible to 
compute where to position a block of data output by the 
Temporal Decoder just by counting the number of blocks that 
have been output since the start of the picture. 

The number carried by SLICE__START is one less than the 
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H.261 group of blocks number (see the H.261 standard for 
more information) . Figure 94 shows the positioning of 
H.261 groups of blocks within CIF and QCIF pictures. NOTE: 
in the present invention, the block numbering shown is the 
5 same as that carried by SLICE_START. This is different 
from the H.261 convention for numbering these groups. 

Between the SLICE_START (which indicates the start of 
each group of blocks) and the first macroblock there may be 
other Tokens. These can be ignored as they are not 
10 required to display the picture data. 
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A, 19. 2 ,2. 3 xacroblocfc lmr 

The sequence of macroblocks within each group of blocks 
is defined by H.261. There is no special Token information 
describing the position of each macroblock. The user 
5 should count through the macroblock sequence to determine 
where to display each piece of information « 

Figure 96 shows the sequence in which macroblocks are 
placed in each group of blocks* 

Each macroblock contains 6 DATA Tokens . The sequence of 
10 DATA Tokens in each group of 6 is defined by the H.2 61 
macroblock structure* Each DATA Token should contain 
exactly 64 data bytes for an 8x8 area of pixels of a single 
color component. The color component is carried in a 2 bit 
number in the DATA Token (see section A* 3 ♦5,1). However, 
15 the sequence of the color components in H.261 is defined. 

Each group of DATA Tokens is preceded by a number of- 
Tokens communicating information about motion vectors, 
quantizer scale factors and so forth. These Tokens are not 
required to allow the pictures to be displayed and, thus, 
2 0 can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a 
single color component. These are in a raster order. 
A. 19 . 3 MPEG output 

MPEG has more layers in its syntax. These embody 

2 5 concepts such as a video sequence and the group of 

pictures. 

A* 19.3.1 MPEG Sequence layer 

A sequence can have multiple entry points (sequence 
starts) but should have only a single exit point (sequence 

3 0 end) . When an MPEG sequence header code is decoded, the 

Spatial Decoder generates a CODING_STANDARD Token followed 
by a SEQUENCE_START Token. 

After the SEQUENCE_START, there will be a number of 
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Tokens~o£ sequence header information that describe the 
video format and the like. See the draft MPEG standard for 
the information that is signalled in the sequence header 
and Table A. 3.2 for information about how this data is 
5 converted into Tokens. This information describing the 

video format is also available in registers in the Huffman 
decoder. 

This sequence header information may occur several times 
within an MPEG sequence, if that sequence has several entry 

10 points. 

A. 19.3 .2 Group of pictures layer 

An MPEG group of pictures provides a different type of 
"entry" point to that provided at a sequence start. The 
sequence header provides information about the 

15 picture/ video format. Accordingly, if the decoder has no 
knowledge of the video format used in a sequence, it must 
start at a sequence start. However, once the video format 
is configured into the decoder, it should be possible to 
start decoding at any group of pictures. 

20 MPEG doesn't limit the number of pictures in a group. 

However, in many applications a group will correspond to 
about 0.5 seconds, as this provides a reasonable 
granularity of random access. 

The start of a group of pictures is indicated by a 

2 5 GROUP_START Token. The header information provided after 
G ROUP__START includes two useful Tokens: TIME_C0DE and 
BROKEN_CLOSED. 

TIME_ CODE carries a subset of the SMPTE time code 
information. This may be useful in synchronizing the video 

30 decoder to other signals. BR0KEN_CL0SED carries the MPEG 
closed__gap and broken_link bits. See Section A. 19, 3.8 for 
more on the implications of random access and decoding 
edited video sequences. 




365 



A.19.^t--3^ Picture layer 

The start of a new picture is indicated by the 
PICTURE__START Token. After this Token, there will be 
TEMPORAL_REFERENCE and PICTUREJTYPE Tokens. The temporary 
5 reference information may be useful if the Temporal Decoder 
is not configured to provide picture re-ordering. The 
picture type information may be useful if a display system 
wants to specially process B pictures at the start of an 
open GOP (see Section A . 19 . 3 « 8 ) . 

10 Each picture is composed of a number of slices. 

A. 19*3.4 Slice layer 

Section A. 19.2,2.2 discusses the group of blocks used in 
H.261, The slice in MPEG serves a similar function. 
However, the slice structure is not fixed by the standard. 

15 The 3 bit value carried by the SLICE_START Token is one 
less than the "slice vertical position" communicated by 
MPEG. See the draft MPEG standard for a description of the 
slice layer. 

By the time SLICE_START reaches the output of the 
20 Temporal Decoder, this information is effectively redundant 

since the Spatial Decoder and Temporal Decoder have already 

used the information to ensure that each picture contains 

the correct number of blocks in the correct positions. 

Hence, it should be possible to compute where to position a 
25 block of data output by the Temporal Decoder just by 

counting the number of blocks that have been output since 

the start of the picture. 

See section A. 19.3.7 for discussion of the effects of 

using MPEG picture re-ordering. 
3 0 A, 19*3. 5 Macroblock layer 

Each macroblock contains 6 blocks. These appear at the 

output of the Temporal Decoder in raster order (as 

specified by the draft MPEG specification) . 




366 



A. 19.3=^6^. Block layer 

Each macroblock contains 6 DATA Tokens. The sequence of 
DATA Tokens in each group of 6 is defined by the draft MPEG 
specification (this is the same as the H.261 macroblock 
5 structure) . Each DATA token should contain exactly 64 data 
bytes for an 3 x 8 area of pixels of a single color 
component. The color component is carried in a 2 bit 
number in the DATA Token (see A. 3 .5.1). However, the 
sequence of the color components in MPEG is defined. 

10 Each group of DATA Tokens is preceded by a number of 

Tokens communicating information about motion vectors, 
quantizer scale factors, and so forth. These Tokens are 
not required to allow the pictures to be displayed and, 
therefore, they can be ignored. 

15 A. 19. 3. 7 Effect of MPEG picture re-ordering 

As described in A. 18. 3. 5, the Temporal Decoder can be 
configured to provide MPEG picture re-ordering 
(MPEG_reordering=l ) . The output of P and I pictures is 
delayed until the next P/I picture in the data stream 

2 0 starts to be decoded by the Temporal Decoder. At the 

output of the Temporal Decoder the DATA Tokens of the newly 
decoded P/I picture are replaced with DATA Tokens from the 
older P/I picture. 

When reordering P/I pictures, the PICTURE__START , 

2 5 TEMPORAL_REFER£NCE and PICTUREJTYPE Tokens of the picture 

are stored temporarily on-chip as the picture is written 
into the off-chip picture buffers. When the picture is 
read out for display, these stored Tokens are retrieved. 
Accordingly, re-ordered P/I pictures have the correct 

3 0 values for PICTURE_START, TEMPORAL_REFERENCE and 

PICTUREJTYPE. 

All other tokens below the picture layer are not re- 
ordered. As the re-ordered P/I picture is read-out for 
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display it picks up the lower level non-DATA tokens of the 
picture that has just been decoded. Hence , these sub- 
picture layer Tokens should be ignored* 
A, 19. 3.8 Random access and edited sequences 

The Spatial Decoder provides facilities to help correct 
video decoding of edited MPEG video data and after a random 
access into MPEG video data. 

a,i»t3,»,i open qpp« 

A group of pictures (GOP) can start with B pictures that 
are predicted from a P picture in a previous GOP. This is 
called an "open GOP". Figure 107 illustrates this. 
Pictures 17 and 18 are B pictures at the start of the 
second GOP. If the GOP is "open", then the encoder may 
have encoded these two pictures using predictions from the 
P picture 16 and also the I picture 19. Alternatively, the 
encoder could have restricted itself to using predictions 
from only the I picture 19*. In this case, the second GOP 
is a "closed GOP". 

If a decoder starts decoding the video at the first GOP , 
it will have no problems when it encounters the second GOP 
even if that GOP is open since it will have already decoded 
the P picture 16. However, if the decoder makes a random 
access and starts decoding at the second GOP it cannot 
decode B17 and B18 if they depend on P16 (i.e., if the GOP 
is open) . 

If the Spatial Decoder of the present invention 
encounters an open GOP as the first GOP following a reset 
or it receives a FLUSH Token, it will assume that a random 
access to an open GOP has occurred. In this case, the 
Huffman decoder will consume the data for the B pictures in 
the normal way. However, it will output B pictures 
predicted with (0,0) motion vectors off the I picture. The 
result will be that pictures B17 and B18 (in the example 
above) will be identical to 119. 
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Thrs"- behavior ensures correct maintenance of the MPEG 
VBV rules. Also, it ensures that B pictures exist in the 
output at positions within the output stream expected by 
the other data channels. For example, the MPEG system 
5 layer provides presentation time information relating audio 
data to video data. The video presentation time stamps 
refer to the first displayed picture in a GOP, i.e., the 
picture with temporal reference 0. In the example above, 
the first displayed picture after a random access to the 
10 second GOP is B17. 

The BROKEN_CLOSED Token carries the MPEG closed_gop bit. 
Hence, at the output of the Temporal Decoder it is possible 
to determine if the B pictures output are genuine or 
"substitutes' 1 have been introduced by the Spatial Decoder. 
15 Some applications may wish to take special measures when 
these "substitute 14 pictures are present. 
A. 19. 3.8.2 Edited video 

If an application edits an MPEG video sequence, it may 
break the relationship between two GOPs. If the GOP after 
20 the edit is an open GOP it will no longer be possible to 
correctly decode the B pictures at the beginning of the 
GOP. The application editing the MPEG data can set the 
broken_link bit in the GOP after the edit to indicate to 
the decoder that it will not be able to decode these B 
25 pictures. 

If the Spatial Decoder encounters a GOP with a broken 
link, the Huffman decoder will decode the data for the B 
pictures in the normal way. However, it will output B 
pictures predicted with (0,0) motion vectors off the I 
30 picture. The result will be that pictures B17 and B18 (in 
the example above) will be identical to 119. 

The BROKEN_CLOSED Token carries the MPEG broken_link 
bit. Hence, at the output of the Temporal Decoder it is 
possible to determine if the B pictures output are genuine 




369 



or "substitutes" that have been introduced by the Spatial 
Decoder. Some applications may wish to take special 
measures when these "substitute" pictures are present. 
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SECTION A.20 Late Write DRAM Interface 

The interface is configurable in two ways: 
•The detail timing of the interface can be configured 
to accommodate a variety of different DRAM types 
5 'The "width" of the DRAM interface can be configured 

to provide a cost/performance trade-off 



Signal Name 


Input/ 
Output 


Description j 


DfiAM_data(31:0l 


I/O 


"The 32 bit wide ORAM data bus. Optionally this dus can se ::,-;';.,'rC :z 
be 16 or 8 bits wide. 


DRAM_addr[1Q:Q] 


o 


The 22 bit wide DRAM interface address is ome multiplexed over :.i:s * t 
bit wide bus. > 




0 


The ORAM Row Address Strooe signal i 


£a5(3.0] 


0 


The ORAM Column Address Strobe signai. One signal is prcvtcec per ! 

i 

byte of the interface's data bus. AU the CAS signals are driven ] 
simultaneously. 1 




0 


The ORAM Write Enable signal j 




0 


The DRAM Output Enable signal 


ORAM_enable 


1 


This input signal, when low, makes all the output signals on r.e m:eracs 
go high impedance and stops activity on the ORAM interface. 



Table A.20.1 DRAM interface signals 



Register name 


Size/ 
Dir. 


Reset 
State 


Cescnotion 


modify _ORAM_timing 

i 

i 
I 


1 bit 
rw 


0 


This (unction enatte register allows access to the ORAM «r:e^ace 
timing configuration registers. The configuration registers s*coc - • 
oe modified while this register holds the value zero, wnttr.g a :~e - 
this register requests access to modify the configuration rszsre-s 
After a zero has been written to this register the ORAM ^e^a:? * 
start to use the new values tn the timing configuration rec/S'.s'S 




Register name 


Size/ 
Oir. 


Reset 
State 


Oescncticn j 

I 


page.stanjength 

i 


5 bit 
rw 


0 


Specifies tne length of the access s:ar: ,n \*cks. T>,e minimum value : 
mat can be used is 4 (meaning 4 ii CXSJ o se'ecis :ne ma^m^m 
length of 32 ticks. 


r 

1 read cycle tenqtn 

i 
i 

! 

i 


4 bit 
rw 


0 


Specifies trie length of tne fast cage read cycle in ucks. The 
minimum value that can be used s 4 {meaning 4 ticks). 0 seiecis Te 
maximum length of t$ ticks. 


writo (*vrl* lannth 


A hit 
rw 


o 


Specifies the length of the fsst page sale wni2 cycle tn ;:cks. The 
minimum value that can be used is 4 (meaning 4 neks). 0 selects "ihe 
maximum length of 16 ticks. j 


1 refresh_cycie Jength 

i 

i 


4 oit 
rw 


0 


Specifies the length of the refresh cyc!e in t.cks. The minimum value 
that can be used is 4 (meaning a ucks). 0 selects the maxm^m 
length of 1 6 ticks. 


RAS.faMing 

i 
1 

i 
1 


4 bit 
rw 


0 


Specifies the number of ticKS after the start of tne access s*art that 

l 

fails. The minimum value that can be used is 4 (meaning 4 
ttcks). 0 selects the maximum length of 1 5 :icks. 


! CAS falling 

1 

i 
t 
i 

l 
i 


4 bit 

rw 


3 


Specifies the number of ticks after the start of a reaa cyc:e. *r-e 
used is 1 (meaning 1 tick). 0 selects the maximum iengtn ol 1 6 tens, j 


DRAM_data_wtdth 


2 bit 
rw 


0 


Specifies the number of bits used on the ORAM interface cata sus J 

r 

0RAM_data[31:Q]. See A.20.4 - 


row_address_bits 

i 


2 btt 
rw 


0 


Specifies the numoer of bits used for the row address ccoon of tne 
ORAM interface address bus. See A.20.5 


J ORAM_enaoie 

1 - 
t 

i 

! 

i 


t bit 
rw 


1 


Writing the value 0 in to this register forces the ORAM :r.:erface :r:s 
a high impedance state-. 

0 wilt be read from this register if either the ORAM.enabie signal -s 
low or 0 has been written to the register. 



Table A.20.2 DRAM interface configuration registers (contd) 




Register name 


Size/ 
Dir. 


Reset 

State 


Description 


refresnjntervai 

; 
i 

! 

i 

i 


8 DU 
rw 


0 


This value soecifies the (niervat between reiresn cycles :n penccs of 
1 6 decoder _ciock cycles. Vaiues tn tne range 1 ..255 can se 

configured. The value 0 is automatically loaded after rssei ane j 

t 

forces the ORAM interface to continuously execute refresh cyc:es i 

i 

until a valid re/resn interval is configured, it is recommenced '.rat j 
refreshjnterva/ should be configured or.iy cr.ce after eacn reset. ' 


no^re/resh 


1 on 

rw 


0 


Writing me vatue 1 to this register prevents execution cf any retrssn ! 
cycles. 


CAS.strengtn 

RAS.suength 

addr_$trength 
j 0RAM_data_strength 
| OEWE.strength 


3 bit 
rw 


6 


These three b*t registers configure tne outout dnve strengtn of 1 
ORAM interface signals, ! 

This allows the interface to be configured !cr vanous dtfereru Joacs. 

See A.20.8 j 



Table A . 2 0 . 2 DRAM Interface configuration 
registers (contd) 
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A*20«f~ interface timing (ticJcs) 

In the present invention, the DRAM interface timing is 
derived from a clock which is running at four times the 
input clock rate of the device (decoder_clock) . This clock 
5 is generated by an on-chip PLL. 

For brevity, periods of this high speed clock are 
referred to as ticks. 
A. 20. 2 Interface operation 

The interface uses of the DRAM fast page mode. Three 
10 different types of access are supported: 

* Read 

* Write 

* Refresh 

Each read or write access transfers a burst of between 1 
15 and 64 bytes at a single DRAM page address. Read and write 
transfers are not mixed within a single access. Each 
successive access is treated as a random access to a new 
DRAM page. 

A. 2 0.3 Access structure 

2 0 Each access is composed of two parts: 

* Access start 

* Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
2 5 write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's dejfault state and remains in this 
state until a new access is ready to start. If a new 
30 access is ready to start when the last access finishes, 
then the new access will start immediately. 
A, 2 0.3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
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conditions* There are three different access starts: 

• Start of read 

- Start of write 

* Start of refresh 

5 In each case the timing of RAS and the row address is 

controlled by the registers RAS_falling and 
page_s tart_length. The state of OE and DRAM_data(31: 0] is 
held from the end of the previous data transfer until RAS 
falls. The three different access start types are only 
10 different in how they drive OE and DRAM_data [ 3 1 : 0 ] when RAS 
falls. See Figure 109, 



Num. 


Characteristic 


Mm. 


Max. 


Unit \'o:es 




RAS precna/ge period set by register RAS_faiiing 


* 








Access start duration set by register page.starcjengtn 


4 


32 




JO 


CAS precnarge lengtn set by register CAS Jailing. 


1 


15 


i a 


41 


Fast page read cyct* lengtn set by trie register 
read_cyclej«ngth. 


4 


15 


I 


42 


Fast page write cycle lengtn set by tne register 
write_cyciejength. 


4 


15 


• 


43 


WE fails one tick after £a5. 








4-4 


I P.efresft cycle lengtn s«t by tft« regtster refresn .cycle. 


4 


15 





Table A. 2 0.3 Access start parameters 

a. This value must be less than RAS_f ailing to ensure 
CAS before RAS refresh occurs* 
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A« 20, 3&~2^ Data transfer 

There are three different types of data transfer cycle: 

■ Fast page read cycle 

■ Fast page late write cycle 
5 * Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle CAB" is driven high and 
10 the new column address is driven. 

A late write cycle is used. WE is driven low one tick 
after CKST. The output data is driven one tick after the 
address . 

As a CAS before SX5" refresh cycle is initiated by the 
15 start of refresh cycle, there is no interface signal 
activity during a refresh cycle* The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM. 
A, 20.3 .3 Interface default state 
20 The interface signals enter a default state at the end 

of an access: 

* RAS / CX!f ana "VE high 

•data and OE remain in their previous state 

■ addr remains stable 
2 5 A. 2 0. 4 Data bus width 

The two bit register DRAM_data_width allows the width of 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 
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ORAM_daa_width 





8 bit wide data ous on DRAM_data{3i:24] et . 


i 




1 6 fart wide data bus on ORAM_data(31 : 1 SpH 


\ 2 


32 bit wice data bus on DRAM_data(3l :OJ. 


! 



Table A. 2 0 . 4 Configuring DRAM_data_width 

a. Default after reset* 

b. Unused signals are held high impedance. 
A. 20. 5 Address bits 

5 On-chip, a 24 bit address is generated. How this 

address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
10 therefore, produce "hidden bits). 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed . 

A. 20.5.1 Low order column address bits 

15 The least significant 4 to 6 bits of the column address 

are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 
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A, 20*5-:2^ Row address bits * * 

The number of bits taken from the middle section of the 
24 bit internal address to provide the row address is 
configured by the register row_address_bits . 



| row_address_tsits 


Width row assess 


h 


9 b»ts 






to bits 


2 


1 1 bus : 



5 Table A. 2 0 . 5 Configuring row_address_bits 

The width of row address used will depend on the type of 
DRAM used and whether the MSBs of the row address are 
decoded off-chip to access multiple banks of DRAM. 

NOTE: The row address is extracted from the middle of 
10 the internal address. If some bits of the row address are 
decoded to select banks of DRAM, then all possible values 
of these "bank select bits" must select a bank of DRAM. 
Otherwise, holes will be left in the address space. 
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row_addres$_iJits 


row address bits 


bank select 


CP am deotn 


c 


ORAM.addf(a.Oi 




255k 


1 


ORAM,addr{8.01 


OPAM,adCr[9) 


256k 




DPAM„addr[9.01 




512k 




DPAM_addr{9:01 






2 


OPAM_add:(8.01 


ORAW_addf(lO:9] 


2S6k 




OPAM,addr{9.01 


OPAW_addf(1C] 


5t2k 


! 


CPAM_addr(9.C| 


CPAW_addf(iO] 


1C2-K 


! 


OPAM.addrpo.O] 


I 


20^3X 


i 


CPAM.addr(10:Oj 


j 


^C96k 



Table A* 2 o • 6 Selecting a value for rov_address_bits 

A, 2 0.6 DRAM Interface enable 

There are two ways to. make all the output signals on the 
DRAM interface become high impedance. The DRAM_enable 
register and the DRAM_enable signal. Both the register and 
the signal must be at a logic 1 for the DRAM interface to 
operate. If either is low, then the interface is taken to 
high impedance and data transfers through the interface are 
halted. 

The ability to take the DRAM interface to high impedance 
is provided in order to allow other devices to test or to 
use the DRAM controlled by the Spatial Decoder (or the 
Temporal Decoder) when the Spatial Decoder (or the Temporal 
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Decoder) ^is not in use. It is not intended to allow other 
devices to share the memory during normal operation. 
A»20.7 Refresh 

Unless disabled by writing to the register, no_refresh, 
5 the DRAM interface will automatically refresh the DRAM 
using a CAS before kAS refresh cycle at an interval 
determined by the register ref resh_interval , 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 

10 cycles. Values in the range 1 to 255 can be configured. 

The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 
configured. It is recommended that ref resh__interval should 

15 be configured only once after each reset. 
A* 20* 8 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers, 
CAS__strength , RAS_strength , addr_strength, 

2 0 DRAM_data_strength, OEWE_strength . The MSB of this 3 bit 
value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances . 

The default strength after reset is 6, configuring the 

2*5 outputs to take approximately 10 ns to drive signal between 
GND and V nD if loaded with 12 p F. 
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: strengtn value 




o 


Approx. 4 ns/V into 6 pf load 




^Vy' v*. ** *'^e V into i« P* lUau 


\2 


Approx. 4 ns/V into 24 pf load 


• 3 


Aoprox. 4 ns/V into 43 pf load 


4 


Approx. 2 ns/V into 6 o/ load 


5 


Approx. 2 ns/V into 12 pf load 



strengtn value 


Onve characteristics 




Aoprox. 2 ns/V into 24 of load 


7 


Approx, 2 ns/V into 48 of load j 



Table A . 2 0 . 7 Output strength configurations 

a. Default after reset 

When an output is configured approximately for the load 
it is driving, it will meet the AC electrical 
5 characteristics specified in Tables A. 20. 11 to Table 

A. 20. 12. When appropriately configured each output is 
approximately matched to it's load and, therefore, minimal 
overshoot will occur after a signal transition. 
A. 20. 9 After reset 
10 After reset, the DRAM interface configuration registers 

are all reset to their default values. Most significant of 
these default configurations are: 

•The DRAM interface is disabled and allowed to go high 

impedance . 

15 -The refresh interval is configured to the special 

.value 0 which means execute refresh cycle continuously 
after the interface is re-enabled. 
-The DRAM interface is set to it's slowest 
configuration . 

20 Most DRAMs require a "pause" of between 100^s and 500^s 
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after "poOer is first applied, followed by a number of 
refresh cycles before normal operation is possible. 

Immediately after reset, the DRAM interface is inactive 
until both the DRAM_enable signal and the DRAM_enable 
5 register are set. When these have been set, the DRAM 

interface will execute refresh cycles (approximately every 
400 ns, depending upon the clock frequency used) until the 
DRAM interface is configured. 

The user is responsible for ensuring that the DRAM' s 
10 "pause" after power_up and for allowing sufficient time 
after enabling the DRAM interface to ensure that the 
required number of refresh cycles have occurred before data 
transfers are attempted. 

While reset is asserted, the DRAM interface is unable to 
15 refresh the DRAM. However, the reset time required by the 
decoder chips is sufficiently short so that is should be 
possible to reset them and to then re-enable the DRAM 
interface before the DRAM contents decay* This may be 
required during debugging. 



Symbol 


Parameter 


Mtn. 


Max. 


Untts 




Supply vottage reiateve to GNO 


-as 




V,N 


Input vottage on any pin 


GNO • 0-5 


v 00 -o.s } v 


T A 


Opefaono, temperature 


-40 


~es | *c 


T S 


Storage temperature 


-55 


*c 



20 



Table A . 2 0 , 8 Maximum Ratings' 




Syrnool 


Parameter 


Min. 


Max. 


Units 




Suooly voltage retatrve to GND 


475 


5.2S | V 


GND 


Ground 


0 


0 | v 


VfH 


input logic T voltage 


2.0 


Vqo-0.5 { V 


Vtu 


input logic '0* voltage 


GNO - 0.5 


0.8 V 


T k 


Oper afing temperature 


0 


7Q 





Table A. 20. 9 DC Operating conditions 

a. With TBA linear ft/min transverse airflow 



Symbol 


| Parameter 


Mia 


Ma*. 


Units ! 




Outout logic '0* voltage 




0.4 






Output !og*c *r vottage 


2.8 


i v ; 


<o 


Output current 


z 100 




'oz 


Output off state leakage current 


i 20 


ma : 


'a 


Input leakage current 


- 10 


1 | 


«oo 


RMS power supply current 




500 


mA ; 




inout capacitance 




5 


pF ! 




Parameter 


Min. 


Max. 


Units j 


C OUT 


Outcut / lO capacitance 




5 





Tabie A,20.10 DC Electrical characteristics (contd) 



Table A. 20,10 DC Electrical characteristics 

a. AC parameters are specified using V OLmaJt =0 . 8V as 
5 the measurement level. 

b. This is the steady state drive capability of the 
interface. Transient currents may be much 
greater • 
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A. 20.ru. 1 AC characteristics 



Num. 


j 

; Parameter 


Mm. 


Max. 


! Un»t 


[ Note* ! 


45 


Cycle time *,g. tPC 


•2 




i 


I ! 


46 


Cycle time e.g. tRC 


-2 


♦2 




i i 


47 


High pulse e.g. tRP, tCP, tCPN 


•5 


-2 


ns 


! 


48 


Low pulse e.g. {HAS, :CAS t tCAC, CWP, 
tPUSP. tRASC 


-11 


*2 


ns 




49 


Cycle ome e.g. tACP/tC?A 


•8 


-2 


ns 





Table A.20.11 Differences from nominal values for a strobe 



Table A, 2 o.il Differences from nominal values for a strobe 

a. The driver strength of the signal must be 
configured appropriately for its load 



Num. 


Parameter 


Mm. j Max. ! 'J nit j Not9 J 


50 


Strobe to strobe delay e.g. tRCO. tCSB 




51 


Low hotd ttme e.g. tflSH, tCSH. tRWL 
tCWU tRAC. tOAC/OE, tCHR 


•13 




ns 




52 


Strobe to strobe precnarge e.g. tCRP, 
tflCS. tRCH. tflflH, tRPC 


^9 


t3 


ns 


■ 

i 


CAS precharge puise between any two 
CAS signals on wide DRAMs e.g. CP, or 
between RAS rtstng and CAS (ailing e.g. 
tRPC 


-5 


*2 


ns 





Table A.20.12 Differences from nominal values between two strobes 



5 



Table A.20.12 Differences from nominal 
values between two strobes 
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Num. 


Parameter 


Min. 


Max. 


Unit 


Note * 


53 


Precnarge before <jisa£Me e.g. tflHC?/ 
CPPH 


-\2 


+3 


ns 


i 

! 

i 



Table A. 2 0 . 12 Differences from nominal 
values between two strobes (contd) 

The driver strength of the two signals must be 
configured appropriately for their loads 
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SECTION B.l Start Code Detector 

B.l.l Overview 

As previously shown in Figure 11 , the Start Code Detector 
(SCD) is the first block on the Spatial Decoder. Its 
primary purpose is to detect MPEG, JPEG and H.261 start 
codes in the input data stream and to replace them with 
relevant Tokens, It also allows user access to the input 
data stream via the microprocessor interface, and performs 
preliminary formatting and "tidying up" of the token data 
stream. Recall, the SCD can receive either raw byte data 
or data already assembled in Token format. 

Typically, start codes are 24, 16 and 8 bits wide for 
MPEG, H.261, and JPEG, respectively. The Start Code 
Detector takes the incoming data in bytes, either from the 
Microprocessor Interface (upi) or a token/byte port and 
shifts it through three shift registers. The first 
register is an 8 bit parallel in serial out, the second 
register is of programmable length (16 or 24 bits) and is 
where the start codes are detected, and the third register 
is 15 bits wide and is used to reformat the data into 15 
bit tokens. There are also two "tag" Shift Registers (SR) 
running parallel with the second and third SRs. These 
contain tags to indicate whether or not the associated bit 
in the data SR is good. Incoming bytes that are not part 
of a 4 DATA Token and are unrecognized by the SCD, are 
allowed to bypass the shift registers and are output when 
all three shift registers are flushed (empty) and the 
contents output successfully. Recognized non-data tokens 
are used to configure the SCD, spring traps, or set flags. 
They also bypass the shift registers and are output 
unchanged. 
B.1.2 Major Blocks 

The hardware for the Start Code Detector consists of 10 
state machines. 

B. 1.2.1 Input Circuit (scdipc. sch. iplm.M) 

The input circuit has three modes of operation: token, 
byte and microprocessor interface. These modes allow data 
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to be input either as a raw byte stream (but still using 
the two-wire interface) , as a token stream, or by the user 
via the upi. in all cases, the input circuit will always 
output the correct DATA Tokens by generating DATA Token 
5 headers where appropriate. Transitions to and from upi 
mode are synchronized to the system clocks and the upi may 
be forced to wait until a safe point in the data stream 
before gaining access. The Byte mode pin determines 
whether the input circuit is in token or byte mode. 

10 Furthermore, initially informing the system as to which 
standard is being decoded (so a CODING_STANDARD Token can 
be generated) can be done in any of the three modes. 
B.l.2.2 Token decoder (scdipnew. sch, scdipnem.M) 

This block decodes the incoming tokens and issues 

15 commands to the other blocks. 




387 

Table B.1.1. Recognized input tokens 



Input To*en 


Command 
issued 


Comments 


NULL 


WAIT 


NULLs are removed 


OATA 


NORMAL 


Load next byte into firs: SR 




own a c~- o 

BYPASS 


Fiusn snift rec.is;efS. perform cstczmg, ZLiovt 
and switch :o bypass mode.Lraa 


FLUSH 


BYPASS 


Fiusn Sr?s wtth padding, cu'cc: and swicr: :o 
bypass mode. 


ELSE 


BYPASS 


Flush Sfis with padding, output and swiien to 


(unrecognised token) 




bypass mode. 



Note: A change in coding standard is passed to ail 
blocks via the two-wire interface after the SRs are 
flushed. This ensures that the change from one data stream 
to another happens at the correct point throughout the SCD. 
This principle is applied throughout the presentation so 
that a change in the coding standard can flow through the 
whole chip prior to the new stream. 
B.l.2.3 JPEG (scdjpeg.sch scdjpegm.M) 

Start codes (Markers) in JPEG are sufficiently different 
that JPEG has a state machine all to itself. In the 
present invention, this block handles all the JPEG marker 
detection, length counting/ checking, and removal of data. 
Detected JPEG markers are flagged as start codes (with 
v_not_t - see later text) and the command from scdipnew is 
overridden and. forced to bypass. The operation is best 
described in code. 

switch (state) 

{ 

case (LOOKING): 
if (input — OxfT) 
{ 

state = GETVALUE; /*Found a marker*/ 
remove; r Marker gets removed*/ 

) 

else 
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state = LOOKING; 
break; — ^ 
case (GET VALUE); 

if (input = OxfT) 

( 

state = GETVALUE; /* Overlapping markers*/ 
remove; 

} 

else if (input = 0x00) 
( 

state = LOOKING;/*Wasn't a marker*/ 
insert(OxfT); /"Put the OxfT back*/ 

} 

else 
{ 

command = BYPASS; /*overTide command*/ 
ifflc) /* Does the marker have a length count*/ 

state = GETLCO; 
else 

state = LOOKING; 
break; 

case (GETLCO): 

loadlcO; /*Load the top length count byte*/ 

state = GETLCi; 

remove; 
break; 

case (GETLC1) 
ioadlcl; 
remove; 

state = DECLC; 
break; 

case(DECLC): 
lent = lent -2 




- ^suu = CHECKLC; 
break; 

case (CHECKLC): 
if (lent = 0) 

state sLOOKING^No more to do-/ ' 
else if (Icnt<0) 

state = LOOKING^™ IlKgal.Ungth.ErrorV 

else 

state = COUNT; 
break; 

case (COUNT): 

decrement length count until 1 
if (k <= 1) 

state = LOOKING; 
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B.l.2.4 



10 



input Shifter (scinshf t . sch, scinstun.M) 
The-Ba%ic operation of this block is quite simple. This 
block takes a byte of data f rom tne input circuit , loads 
the shift register and shifts it out. However, it al so 
obeys the commands from the input decoder and handles the 
transitions to and from bypass mode (flushing the other 
SRs) : on receiving a BYPASS command, the associated byte 
is not loaded- into the shift register. instead "rubbish" 
(tag = i) i s sh i fted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token ^constructor . The input byte is 
then passed directly to the token reconstructor . 
B.1.2.S Start code Detector (scdetect . sen, scdetm.M) 
1- This block includes two shift registers which are 

programmable to 16 or 24 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 24 bits, whereas H.261 requires only 16 

In the present invention, the first SR ia for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs, but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed. on detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 

30 detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To accomplish 
this function, the "value" of the detected start code (the 
byte following it) is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshift 

3o without the detection of another start code it *s 
overlapping start codes have been eli minated and it is 
flagged as a valid start code. 



20 



25 
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B. 1.2.6 Output Shifter { scoshif t . sch, scoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags) from scdetect, pack it into 15 bit 
words and output them. Other functions are: 
5 B. 1.2. 6.1 Data padding 

The output consists of 15 bit words, but the input may 
consist of an arbitrary number of bits. In order to flush, 
therefore , we" need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
10 recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero" is inserted followed by 
sufficient "ones 11 to make up a 15 bit word. 

The data word containing the padding is output with a low 
15 extension bit to indicate that it is the end of a data 
token . 

B. 1.2. 6. 2 Generation of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 

20 flushed and signalling this to the input shifter. When the 
"rubbish" inserted by the input shifter reaches the end of 
the output shifter, and the output shifter has completed 
its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 

25 before it is safe for the input shifter to enter bypass 
mode. 

B.l.2.6.3 Flagging valid start codes 

If scdetect indicates that it has found a start code, 
padding is performed and the current data is output. The 

20 start code value (the next byte) is shifted through the 
detector to eliminate overlapping start codes. If the 
"value" arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v_not_t (ValueNotToken) to indicate 

3 5 that it is a start code value. If, however, another start 
code is detected (by scdetect) whilst the output shifter is 
waiting for the value, an overlapping_start_error is 
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generated. in this case, the first value is discarded and 
the system then waits for the second value. This value can 
also be overlapped, thus causing the same procedure to be 
repeated until a non-overlapped start code is found. 
5 B. 1,2. 6. 4 Tidvina up after a start code 

Having detected and output a good start code, a new DATA 
header is generated when data (not rubbish) starts 
arriving. 

B.l.2.7 Data stream reconstructor (sctofcrec. sen, 
10 sctofcrem.M) 

The Data Stream reconstructor has two-wire interface 
inputs: one from scinshift for bypassed tokens, and one 
from scoshift for packed data and start codes. Switching 
between the two sources is only allowed when the current 
15 token (from either source) has been completed (low 
extension bit arrived) . 

B. 1.2.8 Start value to start number conversion 
(scdromhw. sen, schronuM) 

The process of converting start values into tokens is 
2 0 done in two stages. This block deals mainly with coding 
standard dependent issues reducing the 520 odd potential 
codes down to 16 coding standard independent indices. 

As mentioned earlier, start values (including JPEG ones) 
are distinguished from all other data by a flag 
2 5 ( value_not_token) . If v_not__t is high, this block converts 
the 4 or 8 bit value, depending on the CODING_STANDA£D, 
into a 4 bit start_number which is independent of the 
standard, and flags any unrecognized start codes. 

The start numbers are as follows: 
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Table B.l.2 



Start Code numbers (ind 



ices) 



StarvMarxer Code 


Index (s:art_numoer) | Pesu-jr.g -- Ke ~ 


not_a_start_code 


I- 


sequence^start code 1 = prr- — 

~ SSGUtNC? "AST 


group_start_code 


2 


GROlfP.START 


picture_start_code 




slice_start__code 


4 


SUCE_START 


user_data_start_code 


5 


USER__0A7A 


extension_start_code 


S 


SX7ENS!CN_0A7A 


sequence,end_code 


7 


SEQUENC=_ENO 


JPEG Markers 




DHT 


8 


OHT 


DQT 


9 DOT 


DNL 




ONL 


DRI 


11 


dpi j 


JPEG markers tnat can oe maooed onto tokens lor MPSG/H.251 




SOS 


picture_start_code 


P!CTUPE_STA«- 


SOi 


sequence_start„code | seclence.s-a-- 


Table B.1.2 


Start Code numbers (indices) 


Stan/Marker Code 


Index (siart_numoer) 


ResuiOng Token 


EOI 


sequence_end_code 


SEOUENCE.ENO 


SOFO 


group_start_code 


G RO U PJS TART 


JPEG markers that generate ean or user data 


! JPG 


extension_start_code 


EXTENSION.OATA 


JPGn 


extension_start_code 


£XTENSlON_OATA 


APPn 


user_data_start_code 


USER.DATA 


COM 


use r_data_start_cod e 


USSR.OATA 


NOTE: AH unrecognised JPEG markers generate an extn_start_code index 



B.i.2.9 start numtoer to token conversion (sconvert . sen, 
sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 
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Search modes are a means of entering a data stream at a 
random**pdint. The search mode can be set to one of eight 
values : 





0: 


Normal 


Operation - find next start code. 


5 


1/2: 


System 


level searches not implemented on Spatial Decoder 




3: 


Search 


for Sequence or higher 




4; 


Search 


for group or higher 




5: 


Search 


for picture or higher 




6: 


Search 


for slice or higher 


10 


7 : 


Search 


for next start code 



Any non-zero search mode causes data to be discarded 
until the desired start code (or higher in the syntax) is 
detected . 

This block also adds the token extensions to PICTURE 
15 and SLICE start tokens: 

• PICTURE_START is extended with PICTURE_NUMBER, a four 
bit count of pictures, 

* SLICE_START is extended with svp (slice vertical 
position) . This is the "value" of the start code 

20 minus one (MPEG , H.261), and minus 0XD0 (JPEG), 

8.1*2.10 Data stream Formatting (scinsert . sch, scinserx-M) 
In the present invention, Data Stream Formatting relates 
to conditional insertion of PICTURE_END, FLUSH, 
• CODING_STANDARD, SEQUENCE_START tokens, and generation of 
2 5 the STOP_AFTER_PICTURE event. Its function is best 
simplified and described in software: 



switch (input.data) 
(FLUSH) 
1- (in_picture) 

output = PiCTURE.END 
2, output = FLUSH 
3* if (in picture & stop_aft €r .picmr C ) 
^ap.crror = HIGH 
in picture = FALSE; 
4. in-picture = FALSE; 
break 

ase (SEQUENCE.START) 

if (in j(cture) 

output = PICTURE.END 
2. if (in_picture & stop_after_picture) 

2a. output = FLUSH 

2b. sap_error = HIGH 
in^picturc = FALSE 

3. output = CODING.STANDARD 

4. output = standard 

5. output = SEQUENCE.START 

6. in.ptcture = FALSE; 
break 

cas« (SEQUENCE.END) case (GROUP.START): 
1- if (in_picture) 

output = PICTURE.END 
2. if (in_picture & stop.aftcr.pkGa re) . 
2a. output = FLUSH 
2b. sap.crror = HIGH 
in^picture = FALSE 

3. output = SEQUENCE.END or GROUP.START 

4. in.pkture = FALSE; 
break 

os< (PICTURE.END) 
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L ««P«i- PICTURED 

2 -'f(sto P ..n er _ picGjre) 

2a- output = FLUSH 

2b - sa P-ernor = HlCH 
3- in_picture = FALSE 
break 

case (PICTUR£_START) 
1- if (in_picture) 

output = PICTUR£_E,VD 
2. if (in_picture & sto P _after_pJ ct ure) 
2a. output = FLUSH 

2b.sap_ ern ,r=HIGH 
^ifansert.sequence^^ 

3a. output = CODING_STANDARD 
3b. output = standard 

3c output = SEQUENCE.START 
insert_ $ «, uencestart = 

4. output = PICTURE_START 

'n_picture=TRUE 
break 

default: Just pass it through 




396 

SECTION B.2 Huffman Decoder and Parser 

B ♦ 2 . l introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 
5 Figure 118 shows a high level -block diagram of the 

Huffman Decoder and Parser. Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) . 

10 In essence, the Huffman Decoder and Parser of the present 

invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine. 

Data is received from the Coded Data Buffer by the 

15 "Inshift" block. At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will 

20 be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H.261, JPEG or MPEG). 

In the present invention, all data which is carried by 

2 5 the DATA Tokens is transferred to the Huffman Decoder in a 
serial form (bit-by-bit) . This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the* Huffman Decoder serially. In the case of Huffman 

30 encoded data, the Huffman Decoder only performs the first 
stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 

35 N-l. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 
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processing by the Huffman Decoder. 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
5 decoding process in which the index number obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up. The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit. 

10 The ALU is the next block and is provided to implement 

other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 
The ALU includes a register file which it can manipulate to 

15 implement various parts of the decoding algorithms. In 
particular, the registers which hold vector predictions and 
DC predictions are included in this block. The ALU - is 
based around a simple adder with operand selection logic. 
It also includes dedicated circuitry for sign-extension 

20 type operations. It is likely that a shift operation will 
be implemented, but this will be performed in a serial 
manner; there will be no barrel shifter. 

The Token Formatter, in accordance with the present 
invention, is the last block in the Video Parser and has 

2 5 the task of finally assembling decoded data into Tokens 

which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 

3 0 been adopted for use with a two-wire interface has the task 

of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code" control word which is passed to 
the other blocks. Figure 118 shows that the instruction 
35 word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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by two-wire interfaces. 

In the present invention, there is a two-wire interface 
between each of the blocks in the Video Parser. 
Furthermore, the Huffman Decoder works with both serial, 
5 data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly, there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a time. Again, there is a two-wire interface between the 

10 inshifter and the Huffman Decoder* Other tokens, however, 
are not shifted in one bit at a time (serial) but rather in 
the header of the token. If a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 

15 a time. If it is not a DATA Token, then the entire token, 
header and all, is presented to the Huffman Decoder all at 
once . 

In the present invention, it is important to understand 
that the two-wire interface for the Video Parser is unusual 

20 in that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 

25 recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 

30 signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the. inshifter. If the proper data or 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 

3 5 result in the ALU and then this result is formed into a 
Token word. A single microcode instruction word is 
produced which contains all of the information to do this. 
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The command is passed directly to the Huffman Decoder which 
requests ^data bits one-by-one from the "Inshift" block 
until it has decoded a complete symbol. Control Tokens are 
input in parallel. Once this occurs, the decoded index 
5 value is passed along with the original microcode word to 
the Index to Data Unit. Note that the Huffman Decoder will 
require several cycles to perform this operation and, 
indeed, the number of cycles is actually determined by the 
data which is decoded. The Index to Data Unit will then 

10 map this value using a table which is identified in the 
microcode instruction word. This value is again passed 
onto the next block, the ALU, along with the original 
microcode word. Once the ALU has completed the appropriate 
operation (the number of cycles may again be data 

15 dependant) it passes the appropriate data onto the Token 
Formatting block along with the microcode word which 
controls the way in which the Token word is formed. 

The ALU has a number of status wires or "condition codes' 1 
which are passed back to the Parser State Machine. This 

20 allows the State Machine to execute conditional jump 
instructions. In fact, all instructions are conditional 
jump instructions; one of the conditions that may be 
selected is hard-wired to the value "False". By selecting 
this condition, a "no jump' 1 instruction may be constructed. 

2 5 In accordance with the present invention, the Token 

Formatter has two inputs; a data field from the ALU and/or 
a constant field coming from the Parser State Machine. In 
addition, there is an instruction that tells the Token 
Formatter how many bits to take from one source and then to 
30 fill in with the remaining bits from the other for a total 
of .8 bits. For example, HORIZONTAL^ I ZE has an 8 bit field 
that is an invariant address identifying it as a 
HORIZONTAL^ I ZE Token. In this case, the 8 bits come from 
the constant field and no data comes from the ALU. If, 

3 5 however, it is a DATA Token, then you would likely have 6 

bits from the constant field and two lower bits indicating 
the color components from the ALU. Accordingly, the Token 
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Formatter takes this information and puts it into a token 
for use by the rest of he system* Note that the number of 
bits from each source in the above examples are merely for 
illustration purposes and one of ordinary skill in the art 
5 will appreciate that the number of bits from either source 
can vary. 

The ALU includes a bank of counters that are used to 
count through the structure of the picture. The dimensions 
of the picture are programmed into registers associated 
10 with the counters that appear to the "microprogrammer " as 
part of the register bank. Several of the condition codes 
are outputs from this counter bank which allows conditional 
jumps based on "start of picture", "start of macroblock" 
and the like. 

15 Note that the Parser State Machine is also referred to as 

the "Demultiplex State Machine". Both terms are used in 
this document. 
Input Shifter 

In the present invention, the Input Shifter is a very 
20 simple piece of circuitry consisting of a two pipeline 
stage datapath ("hfidp") and controlling Zcells ("hf i") . 

In the first pipeline stage, Token decoding takes place. 
At this stage, only the DATA token is recognized. Data 
contained in a DATA token is shifted one bit at a time into 
2 5 the Huffman Decoder. The second pipeline stage is the 
shift register. In the very last word of a DATA token, 
special coding takes place such that it is possible to 
transmit an arbitrary number of bits through the coded data 
buffer. The following are all possible patterns in the 
30 last data word. 
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c 0 C 3 A| 9 



I 1 



0 1 



* 0 



I 1 



1 1 1 



I 0 



No. of 3(tS 



i 1 I None 



1 f 



* X 



0 t 



x x 



x 0 



1 4 



I'M 



x x 



* * x 0 ? 



t 6 



1 8 



X 
X 

J 

X 



x x X x X 



x x 



x x x 



XXX 



1 9 



t 10 



x x 



xxx 



x x 



x 0 



i 11 



xxx 



x x x x x x 0 



xxx 



1 12 



x x x 0 I 13 



x x | x x 



x x x x 0 14 



T.bie a .2.i Po„ ib i e in ts . l4st Dita Hord 

As the d ata bits are shifted left, one by one, in the 
f/7 1Ster ' ^ Mt "° fo "— * •« «»." u 

lest w d , NOtS thlS a " i0n ml * ^ ^ the 

last word of a DATA Token. 

theVT"^ preVi ° USl1 '- a " "her Tokens are passed to 

ntoT, DSCOder " Paralle1 ' Th ^ «• ^aded 

Place » T COnd PiPeUna Sta9S ' b " "° shi£ «ng takes 

Passed t headSr 13 dlsC « ded — - 

passed to the Huffman at all. Two "van*" • 

„ . , AWO va lJ-d" wires (out valid 

and serial_valid) are provided. onlv nn* • 

oit , fln . . uniy one is asserted at a 

given time and it indicates what type of h-*- • • 

15 , *P e ot data is being 

" Presented at that moment. 



10 
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B.2.2 Huffman Decoder 

The Huffman Decoder has a number of modes of operation. 
The most obvious is that it can decode Huffman Codes, 
turning them into a Huffman Index Number. In addition, it 
5 can decode fixed length codes of a length (in bits) 
determined by the instruction word. The Huffman Decoder 
can also accept Tokens from the Inshift block. 

The Huffman Decode includes a very small state machine. 
This is used when decoding block-level information. This 

10 is because it takes too long for the Parser State Machine 
to make decisions (since it must wait for data to flow 
through the Index to Data Unit and the ALU before it can 
make a decision about that data and issue a new command) . 
When this State Machine is used, the Huffman Decoder itself 

15 issues commands to the Index to Data Unit and ALU* The 
Huffman Decoder State Machine cannot control all of the 
microcode instruction bits and, therefore, it cannot issue 
the full range of commands to the other blocks. 
B.2.2.1 Theory of Operation 

2 0 When decoding Huffman codes, the Huffman Decoder of the 

present invention uses an arithmetic procedure to decode 
the incoming code into a Huffman Index Number. This number 
lies between 0 and N-l (for a code table that has N 
entries) . Bits are accepted one by one from the Input 
25 shifter. 

In order to control the operation of the machine, a 
number of tables are required. These specify for each 
possible number of bits in a code (1 to 16 bits) how many 
codes there are of that length. As expected, this 
30 information is typically not sufficient to specify a 
general Huffman code. -However, in MPEG, H.261 and JPEG, 
the Huffman codes are chosen such that this information 
alone can specify the Huffman Code table. There is 
unfortunately just one exception to this; the Tcoefficient 

3 5 table from H.26I which is also used in MPEG. This requires 

an additional table that is described elsewhere (the 
exception was deliberately introduced in H.261 to avoid 
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start code emulation) . 

It "Ts^important to realize that the tables used by this 
Huffman Decoder are precisely the same as those transmitted 
in JPEG. This allows these tables to be used directly 
5 while other designs of Huffman decoders would have required 
the generation of internal tables from the transmitted 
ones. This would have required extra storage and extra 
processing to do the conversion. Since the tables in MPEG 
and H.261 (with the exception noted above) can be described 
10 in the same way, a multi-standard decoder becomes 
pract ica 1 . 

The following fragment of "C" illustrates the decoding 
process ; 

:nt nota 1 = 0; 
15 inz s = 0; 

:n> bit = 0; 

_:r.s igned long cede = 0; 

;n: index = 0; 



20 



while ( Lndex>*rotal ) 

{ 

i f i bi:>=max_bits ) 

t ail ( "huf f_decode: ran off end of huff table\n" ) ; 
rode=(code<<i } Inext bitO; 



irvdex^code-s^total ; 
2 5 coral*=codes_per_bic{bit } ; 

s- { s+codes_per_bit { bit ] 

bit*-*-; 



The process generally, is directly mapped into the 
30 silicon implementation' although advantage is taken of the 
fact that certain intermediate values can be calculated in 
clock phases before they are required. 
From the code fragment we see that; 



2Q 1 . total n ^ , = total n + cpb n 

E Q 2 -' S „ + , = 2Cs n + cpbJ 

EQ3. code . = 2code +bit 

EQ 4. index . = 2code„ + bit. + total - 's 

" T * fi n n ft 

Unfortunately in the hardware rt proved easier to use a modified set of equations m » 
a variable "shifted" is used in place of me variable *s\ In this case; 

In the hardware, however, it proved easier to use < 
modified set of equations in which a variable "shifted" i: 
used in place of the variable "s" . In this case; 

EQ 5. shitted, ^ 1 * 2shifted, + cpb. 

It turns out that: 

EQ6.? n = 2shifted, 

and so substituting this back into Equation 4 we see that: 

EQ 7. index, ^ 1 = 2 (code, - shifted,) + total, + bit. 

In addition to calculating successive values of "index", 
it is necessary to know when the calculation is completed. 
From the "C" code fragment we see that we are done when: 



EQ 8. index, ^< total, + 1 
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Substituting from Equation 7 and Equation 1 we see that 
we are done when: 



EQ 9. 2 (code n - shifted,,) + bit n - cpb n < 0 



In the hardware implementation of the present invention, 
the common term in Equation 7 and Equation 9, (C0de n - 

5 shiftedj is calculated one phase before the remainder of 

these equations are evaluated to give the final result and 
the information that the calculation is "done". 

One word of warning- In various pieces of "C" code, 
notably the behavioral compiled code Huffman Decoder and 

10 the sm4code projects, the "C M fragment is used almost 
directly, but the variable ,f s" is actually called 
"shifted" . Thus, there are two different variables called 
"shifted". One in the M C" code and the other in the 
hardware implementation. These two variables differ by a 

15 factor of two. 

B. 2. 2. 1.1 Inverting the Data Bits 

There is one other piece of information required to 
correctly decode the Huffman codes. This is the polarity 
of the coded data. It turns out that H.261 and JPEG use 

20 opposite conventions. This reflects itself in the fact 
that the start codes in H.261 are zero bits whilst the 
marker bytes in JPEG are one bits. 

In order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 

25 Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

3 0 MPEG uses a mix of the two conventions. In those aspects 

inherited from H.261, the H.261 convention is used. In 
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those inherited from JPEG (the decoding of DC intra 
coefficients) the JPEG convent ion - is used. 
B. 2.2,1*2 Transform Coefficients Table 

When using the transform coefficients table in H.261 and 
5 MPEG, there are number of anomalies. First, the table in 
MPEG is a super-set of the table in H.261. In the hardware 
implementation of the present invention, there is no 
distinction drawn between the two standards and this means 
that an H.261 stream that contains codes from the extended 
10 part of the table (i.e., MPEG codes) will be decoded in the 
"correct 11 manner. Of course, other aspects of the 
compression standard may well be broken. For example, 
these extended codes will cause start code emulation in 
H.261, 

15 Second, the transform coefficient table has an anomaly 

that means that it is not describable in the normal manner 
with the codes_per_bit tables. This anomaly occurs with 
the codes of length six bits. These code words are 
systematically substituted by alternate code words. In an 

20 encoder, the correct result is obtained by first encoding 
in the normal manner. Then, for all codes that are six 
bits or longer, the first six bits are substituted by 
another six bits by a simple table look-up operation. In 
a decoder, in accordance with the present invention, the 

2 5, * decoding process is interrupted just before the sixth bit 

is decoded, the code words are substituted using a table 
look-up, and the decoding continues. 

In this case, there are only ten possible six-bit codes 
so the necessary look-up table is very small. The 

3 0 operation is further helped by the fact that the upper two 

bits of the code are unaltered by the operation. As a 
result, it is not necessary to use a true look-up table. 
Instead a small collection of gates are hard-wired to give 
the appropriate transformation. The module that does this 
35 is called ;'hftcfrng M . This type of code substitution is 
defined herein as a "ring" since each code from the set of 
possible codes is replaced by another code from that set 
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(no new codes are introduced or old codes omitted) . 

Furthermore, a unique implementation is used for the very 
first coefficient in a block. In this case, it is 
impossible for an end-of-block code to occur and, 
5 therefore, the table is modified so that the most commonly 
occurring symbol can use the code that would otherwise be 
interpreted as end-of-block. This may save one bit. It 
turns out that with the architecture for decoding, in 
accordance with the present invention, this is easily 

10 accommodated. In short, for the first bit of the first 
coefficient the decoding is deemed "done" if "index'* has 
the value zero. Furthermore, after decoding only a single 
bit there are only two possible values for "index", zero 
and one, it is only necessary to test one bit. 

15 B. 2. 2. 1.3 Register and Adder Size 

The Huffman Decoder of the present invention can deal 
with Huffman codes that may be as long as 16 bits. 
However, the decoding machine is only eight bits wide. 
This is possible because we know that the largest possible 

20 value of the decoded Huffman Index number is 255. In fact, 
this could only happen in extended JPEG and, -in the current 
application, the limit is somewhat lower (but larger than 
128, so 7 bits will not suffice). 

It turns out that for all legal Huffman codes, not only 

2 5 the final value of "index" , but all intermediate values lie 

in the range 0 to 255. However, for an illegal code, i.e., 
an attempt to decode a code that is not in the current code 
table (probably due to a data error) the index value may 
exceed 255. Since we are using an eight bit machine, it is 
30 possible that at the end of decoding, the final value of 
"index" does not exceed 255 because the more significant 
bits that tell us an error has occurred have been 
discarded. For this reason, if at any time during decoding 
the index value exceeds 255 (i.e., carry out of the adder 

3 5 that forms index) an error occurs and decoding is 

abandoned . 
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Twelve bits of "code 11 are preserved. This is not 
necessary for decoding Huffman codes where an eight bit 
register would have been sufficient. These upper bits are 
required for fixed length codes where up to twelve bits may 
5 be read. 

B. 2*2.1.4 Operation for Fixed Length Codes 

For fixed length codes, the "codes per bit" value is 
forced to zero. This means that "total" and "shifted" 
remain at zero throughout the operation and "index" is, 

10 therefore, the same as code. In fact, the adders and the 
like only allow an eight bit value to be produced for 
"index". Because of this, the upper bits of the output 
word are taken directly from the "code" register when 
decoding fixed length codes. When decoding Huffman codes 

15 these upper bits are forced to zero. 

The fact that sufficient bits have been read from the 
input is calculated in the obvious manner. A comparator 
compares the desired number of bits with the "bit" counter. 
B.2.2.2 Decoding Coefficient Data 

20 The Parser State Machine, in accordance with the present 

invention, is generally only used for fairly high-level 
decoding. The very lowest level decoding within an eight- 
by-eight block of data is not directly handled by this 
state machine. The Parser State Machine gives a command to 

25 the Huffman Decoder of the form "decode a block". The 
Huffman Decoder, Index to Data Unit and ALU work together 
under the control of a dedicated state machine (essentially 
in the Huffman Decoder) . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 

3 0 There are also other feedback paths operational in this 
mode of operation. For instance, in JPEG decoding where 
the VLCs are decoded to provide SIZE and RUN information, 
the SIZE information is fed back directly from the output 
of the Index to Data Unit to the Huffman Decoder to 

3 5 instruct the Huffman Decoder how many FLC bits to read. In 
addition, there are several accelerators implemented. For 
instance, using the same example all VLC values which yield 
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a SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit. 
B. 2. 2.2,1 HPEQ and H.261 AC Coefficient Data 

Figure 127 shows the way in which AC Coefficients are 
decoded in MPEG and H.261. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 
values representing the six bit RUN and the absolute value 
of the coefficient, A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 

Note that the data format at this point is sign-magnitude 
and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 

Two special cases exist and these are trapped by looking 
at the value of the decoded index before the Index to Data 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB f the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 
blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 
bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H.2 61 and it gives the sign of the level. The sign is 
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explicitly read in this implementation because it is 
necessary to send different commands to the ALU for 
negative values versus positive values. This allows the 
ALU to convert the twos complement value in the bit stream 
5 into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. If this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 

10 control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter. As shown in Figure 12 4, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman State 
Machine or an instruction stored in a register that has 

15 previously been received from the Parser State Machine. 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 

2 0 other instructions for the decoding are supplied by the 

Huffman State Machine. 

B.2.2.2.2 MPEG DC Coefficient Data 

This is handled in the same way as JPEG DC Coefficient 
Data . The same ( loadable) tables are used and it is the 
25 responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the Inverse Quantizer. 

3 0 B.2.2.2.3 JPEG Coefficient Data 

Figure 120 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 
3 5 process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 
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field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read. The remainder of the command is supplied by the 
Huffman State Machine. 

Figure 121 depicts flow charts for the Huffman decoding 
of both AC and DC Coefficients. 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables) . The Huffman index is 
then converted into the RUN and SIZE values in the Index to 
Data Unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and ZRL. These are the only two 
values for which no FLC bits are read. In the case when 
the decode index is neither of these two values , the 
Huffman Decoder immediately reads one bit of FLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually required. 
In the case of EOB, no further processing is performed by 
the Huffman State Machine in the Huffman Decoder and 
another command is read from the Parser State Machine. 

In the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
immediately commences decoding a further VLC (using the 
same table as before) . 

There is a particular problem with detecting the index 
values associated with ZRL and EOB. This is because 
(unlike H.261 and MPEG) the Huffman tables are 
downloadable. For each of the two JPEG AC tables, two 
registers are provided (one for ZRL and one for EOB) . 
These are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 
associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. This can be done by 
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first s ign~extending the value with the wrong sign- If the 
sign t5Tt^is now set, then the remaining bits are inverted 
(ones complement) . 

In the case of DC Coef f icients, the decision making in 
5 the Huffman Decoding Stage is somewhat easier because there 
is no equivalent of the ZRL field. The only symbol which 
causes zero FLC bits to be read is the one indicating zero 
DC difference. This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 

10 each of the (downloadable) JPEG DC tables. 

The ALU of the present invention has the job of forming 
the final decoded DC coefficient by retaining a copy of the 
last DC Coefficient value (known as the prediction) . Four 
predictors are required, one for each of the four active 

15 color components. When the DC difference has been decoded, 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. Since DC 
coefficients are signed (because of the DC offset) 

20 conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of zero. In 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine. 
They are simply executed by the Parser State Machine. 

2 5 In a similar manner to the AC Coefficients, the ALU must 

first form the DC difference from the SIZE bits of FLC. 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. If the 

3 0 result is negative, then one must be added to form the 

correct value. This can, of course, be added at the same 
time as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some mention. There are 
35 effectively four sources of error that are detected; 

•Ran off the end of a table. 

•Serial when token expected. 
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•Token when serial expected. 
-Too~*many coefficients in a block. 

The first of these occurs in two situations. If the bit 
counter reaches sixteen (legal values being 0 to 15) then 
5 an error has occurred because the longest legal Huffman 
code is sixteen bits. If any intermediate value of "index" 
exceeds 255 then an error has occurred as described in 
section B . 2 . 2 . 1 . 3 . 

The second occurs when serial data is encountered when a 
10 Token was expected. The third when the opposite condition 
arises * 

The last type of error occurs if there are too many 
coefficients in a block. This is actually detected in the 
Index to Data Unit. 

15 When any of these conditions arises, the error is noted 

in the Huffman error register and the Parser state machine 
is interrupted. It is the responsibility of the Parser 
State Machine to deal with the error and to issue the 
commands necessary to recover. 

20 The Huffman cooperates with the Parser State Machine at 

the time of the interrupt in order to assure correct 
operation. When the Huffman Decoder interrupts the Parser 
State Machine, it is possible that a new command is waiting 
to be accepted at the output of the Parser State Machine. 

2 5 The Huffman Decoder will not accept this command for two 
whole cycles after it has interrupted the Parser State 
Machine. This allows the Parser State Machine to remove 
the command that was there (which should not now be 
executed) and replace it with an appropriate one. After 

30 these two cycles, the Huffman Decoder will resume normal 
operation and accept a command if a valid command is there. 
If- not, then it will do nothing until the Parser State 
Machine presents a valid command. 

When any of these errors occur, the "Huffman Error" event 

35 bit is set and, if the mask bit is set, the block will stop 
and the controlling microprocessor will be interrupted in 
the normal manner. 
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One complication occurs because in certain situations, 
what looks like an error, is not actually an error. The 
most important place where this occurs is when reading the 
macroblock address. It is legal in the syntaxes of MPEG , 
5 H.261 and JPEG for a Token to occur in place of the 
expected macroblock address. If this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
interrupted. The Parser State Machine's code must 

10 recognize this "no error" situation and respond 
accordingly. In this case, the "Huffman Error* 1 event bit 
will not be set and the block will not stop processing. 

Several situations must be dealt with* First, the Token 
occurs immediately with no preceding serial bits. In this 

15 case, a "Token when serial expected error" would occur. 
Instead, a "no error" error occurs in the way just 
described . 

Second, the Token is preceded by a few serial bits. In 
this case, a decision is made. If all of the bits 

20 preceding the Token had the value one (remember that in 
H.261 and MPEG the coded data is inverted so these are 2ero 
bits in the coded data file) then no error occurs. If, 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 

2 5 when serial expected" error does occur. 

Third, the token is preceded by many bits. In this case, 
the same decision is made. If all sixteen bits are one, 
then they are treated as padding bits and a ,u no error" 
error occurs. If any of them had been zero, then "Ran off 

30 Huffman Table" error occurs. 

Another place that a token may occur unexpectedly is in 
JPEG. When dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 

2 5 are. Because of this fact, after each table is completed 
it reads another 4-bit FLC assuming it to be a new table 
number. If, however, a new marker segment starts, then a 
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token will be encountered in place of the 4 bit; FLC . This 
requirement is not foreseen and, therefore, an "Ignore 
Errors'* command bit has been added. 
B.2.2.4 Huffman Commands 
5 Here are the bits used by the Parser State Machine to 

control the Huffman Decoder block and their definitions. 
Note that the Index to Data Unit command bits are also 
included in this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
10 operate as one coherent logical block. 



3it 


Name 


Function 


11 


ignore Eirors 


. Used to disable errors m certain c:rc-rr,s;ances. ! 


10 


Download 


£itner nominate a :aoie for downlead - f download cata i 
into mat table. 


9 


Aiutao 


Use information (rom me ALU reciste'S :o specify me j 
taoie number (or numeer of o»ts of ?IZ) j 


a 


Bypass 


Bypass the Index to Data Unit 1 


7 


Token 


Decode a Token rather than PLC or VLC j 


6 


First Coe« 


Selects first coefficient tncx .'or Tcoerf :ade anc cmer j 
special modes. I 


I 

1 
i 
{ 


Special 


if set me Huffman State macnme snc-d :axe over f 
control. 


4 


I VLC(notFLC) 


| Scwcrfy VLC Of FLC 



3 | TaWe(3] j Soec:fy me ta&fe to use tat VLC 



Table Huffman Decoder Commands 
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2 


| 7a&ie{2] 


or tn* numoef o/ bits to read for a ?IC 


i 


1 


| Tabie(t) 






0 


I Taoie(0| 





Table B.2.2 Hufman Decoder Commands 



B. 2. 2. 4.1 Reading FLC 

In this mode, Ignore Errors, Download, Alutab, Token, 
First Coeff , Special and VLC are all zero. Bypass will be 
5 set so that no Index to Data translation occurs. 

The binary number in Table(3:0] indicates how many bits 
are to be read. 

The numbers 0 to 12 are legal. The value zero does 
indeed read zero bits (as would be expected) and this 
10 instruction is, therefore, the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 
control to denote the use of "SSSS" as the number of bits 
of FLC to read. 
15 B.2-2.4.2 Reading VLC 

In this mode, Ignore Errors, Download, Alutab, Token, 
First Coefficient and Special are zero and VLC is one. 
Bypass will usually be zero so that Index to Data 
translation occurs . 
20 In this mode Token, First Coefficient and Special are all 

zero, VLC is one. 

The binary number in Table[3:0] indicates which table to 
use as shown: 
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j Tafeie[3:01 


j VLC Table to use 


0000 


TCoefficrent <MP£G and H.261) 


0001 


CBP (Coded Block Partem) 


0010 


MSA (Macrobiock Address) 


{ 0011 


MVD (Motion Vector Data) 


! 0100 


Intra Mtype 


| 0101 


Predicted Mtype 


| 0110 


Interpolated Mtype j 


0111 


H.261 Mtype j 


10x0 


JPEG (MPEG) OC Table 0 


10x1 


JPEG (MPEG) OC Tabte 1 j 


11x0 


JPEG AC Table 0 J 


11x1 


JPEG AC Tabfe 1 j 



10 



Table B.2.3 Huffman Tables 

selections occu Ji« \". T 7" "° ^ 

buiir , k M ' a non-baseline JPEG decoder is 

a ab ;r b ; four dc tabi ~ - *«= -«« 

Aeii J will then be required, 

u "CdT V ero ' then the input data is inve »^ 

H M \ st " " bleS *" " ad cor«ctly as 

style tables . In cne case Table(3 . 0 ,. 0 y t . 

appropriate Ring edification is also applied 
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B.2.2.4.3 NOP Instruction 

As previously described, the action of reading a FLC of 
zero bits is used as a No Operation instruction. No data 
is read from the input ports (either Token or Serial) and 
5 the Huffman Decoder outputs a data, value of zero along with 
the instruction word. 

B.2.2.4.4 TCoefficient First Coefficient 

The H.261 and MPEG TCoefficient Table has a special non- 
Huffman code that is used for the very first coefficient in 
10 the block. In order to decode a TCoefficient at the start 
of a block, the First Coefficient bit may be set along with 
a VLC instruction with table zero. One of the many effects 
of the First Coefficient bit is to enable this code to be 
decoded . 

15 Note that in normal operation, it is unusual to issue a 

"simple" command to read a TCoefficient VLC. This is 
because control is usually handed to the Huffman Decoder by 
setting the Special Bit. 
B.2.2.4.5 Reading Token Words 

2 0 In order to read Token words, the Token bit should be set 

to one. The Special and First Coefficient bits should be 
zero. The VLC bit should also be set if the Table[0] bit 
is co work correctly. 

In this mode, the bits Table[l] and TablefO] are used to 

25 modify the behavior of the Token reading as follows: 



Bit 


Meaning 


Taofe{01 


Discard cacemg >ts of senat data 


Tablet 1] 


Discard all s«nai cata. 
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If both Table[0] and Table[l] are zero, then the presence 
of serial data before the token is considered to be an 
error and will be signalled as such. 

If Table [l] is set, then all serial data is discarded 
5 until a Token Word is encountered. No error will be caused 
by the presence of this serial data. 

If Table[0] is set, then padding bits will be discarded. 
It is, of course, necessary to know the polarity of the 
padding bits. This is determined by Table[3] in exactly 
10 the same way as for reading VLC data. If Table [3] is 
zero, input data is first inverted and then any "one" bits 
are discarded. If Table [3] is set to one, the input data 
is NOT inverted and "one 11 bits are discarded. Since the 
action of inverting the data depending upon the Table[3] 
15 bit is conditional on the VLC bit, this bit must be set to 
one. If any bits that are not padding bits are encountered 
(i.e., "l" bits in H.261 and MPEG) an error is reported. 

Note that in these instructions only a single Token word 
is read. The state of the extension bit is ignored and it 
20 is the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 
B«2«2.4.6 ALU Registers Specify Table 

If the "Alutab" bit is set, registers in the ALU's 
25 register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2.4 ALU Register Selection 



VLC 


tabfe(3;0| 


ALU table 


0 


xOxx 




0 


x\xx 




1 


xQxx 




1 


x\xx 
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In the case of fixed length codes, the correct number of 
bits are Iread for decoding the vectors. If r_size is zero, 
a NOP instruction results. 

In the case of Huffman codes, the generated table number 
5 has table[3] set to one so that the resulting number refers 
to one of the JPEG tables. 
B .2*2.4 .7 Special Instructions 

All of the instructions (or modes of operation) described 
thus far are considered as "Simple" instructions.. For each 
10 command that is received, the appropriate amount of input 
data (of either serial of token data) is read and the 
resulting data is output. If no error is detected, exactly 
one output will be generated per command. 

In the present invention, special instructions have the 
15 characteristic that more than one output word may be 
generated for a single command. In order to accomplish 
this function, the Huffman Decoder's internal State Machine 
takes control and will issue itself instructions as 
required until it decides that the instruction which the 
2 0 Parser requested has been complete. 

In all Special instructions, the first real instruction 
of the sequence that is to be executed is issued with the 
Special bit set to one. This means that all sequences must 
have a unique first instruction. The advantage of this 

2 5 scheme is that the first real instruction of the sequence 

is available without a look-up operation being required 
based upon the command received from the Parser. 

There are four recognized special instructions: 

* TCoef f icient 

3 0 *JPEG DC 

. ■ JPEG AC 
■ Token 

The first of these reads H.261 and MPEG Transform 
coefficients, and the like, until the end-of-block symbol 
35 is read. If the block is a non-intra block, this command 
will read the entire block. In this case, the "First 
Coefficient" bit should be set so that the first 
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coefficient trick is applied. If the block is an intra 
block, the DC term should already have been read and the 
"First Coefficient" bit should be zero. 

In the case of an intra block in H.261, the DC term is 
5 read using a "simple" instruction to read the 3 bits FLC 
value. In MPEG, the "JPEG DC" special instruction 
described below is used. 

The "JPEG DC" command is used to read a JPEG style DC 
term (including the SSSS bits FLC indicated by the VLC) . 

10 It is also used in MPEG. The First Coefficient bit must be 
set in order that a counter (counting the number of 
coefficients) in the Index to Data Unit is reset. 

The "JPEG AC" command is used to read the remainder of a 
block, after the DC term until either an EOB is encountered 

15 or the 64 th coefficient is read. 

The "Token" command is used to read an entire Token. 
Token words are read until the extension bit is clear. It 
is a convenient method of dealing with unrecognized tokens. 
B«2.2.4«8 Downloading Tables . 

20 In the present invention, the Huffman Decoder tables can 

be downloaded by using the "Download" bit. The first step 
is to nominate which table to download. This is done by 
issuing a command to read a FLC with both the Download and 
First Coeff bits set. This is treated as an NOP so no bits 

2 5- * are actually read, but the table number is stored in a 
register and is used to identify which table is being 
loaded in subsequent downloading. 
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Table 


B. 2 * 5 


JPEG Tables 


taai«{3.01 


Tat)(« nominated 


JOxx 


JPSG DC Codes oer bit 


net 


JPSG AC Codes per bn 


OQxx 


JPSG DC index to Qata 


Qlxx 


J?£G AC Index to Oata 



As the above table shows, either the AC or DC tables can 
be loaded and table[3] determines whether it is the codes- 
per-bit table (in the Huffman decoder itself) or the Index 
5 to Data table that is loaded. 

Once the table is nominated, data is downloaded into it 
by issuing a command to read the required number of FLC 
(always 8 bits) with the Download bits set (and the First 
Coef f bit zero) . This causes the decoded data to be 

10 written into the nominated table. An address counter is 
maintained, the data is written at the current address and 
then the address counter is incremented. The address 
counter is reset to zero whenever a table is nominated. 
When downloading the Index to Data tables, the data and 

15 addresses are monitored. Note that the address is the 
Huffman Index number while the data loaded into that 
address is the final decoded symbol. This information is 
used to automatically load the registers that hold the 
Huffman index number for symbols of interest. Accordingly, 

20 in a JPEG AC table-, when the data has the value 
corresponding to 2RL is recognized, the current address is 
written into the register CED_H_KEY_ZRL_INDEXO or 
CED_H_KEY_ZRL_INDEX1 as indicated by the table number. 

Since decoded data is written into the codes-per-bir 

2 5 table one phase after it has been decoded, it is not 
possible to read data from the table during this phase. 
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Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction will 
fail. There is no reason why such a sequence should occur 
in any real application (i.e., when doing JPEG) . It is, 
5 however, possible to build simulation tests that do this. 
B.2*2,5 Huffman state Machine 

The Huffman State Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder commands 
that are internally generated in certain cases. All of the 
10 commands that may be generated by the internal state 
machine may also be provided to the Huffman Decoder by the 
Demux . 

The basic structure of the State Machine is as follows, 
when a command is issued to the Huffman Decoder, it is 

15 stored in a series of auxiliary latches so that it may be 
reused at a later time. The command is also executed by 
the Huffman Decoder and analyzed by the Huffman State 
Machine. If the command is recognized as being the first 
of a known instruction sequence and the SPECIAL bit is set, 

2 0 then the Huffman Decoder State Machine takes over control 
of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 
for the Huffman Decoder: 



In case (2), it is possible that the table number is 
provided by feedback from the Index to Data Unit, this 
35 would then replace the field in the Huffman State Machine 
ROM. 

In case (1), in certain instances, table numbers are 



25 



30 



1) The Parser State Machine - this choice is made 
at the completion of the special instruction 
(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 
command. 

3) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 
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provided by values obtained from the ALU register file 
(e.g.~fh the case of AC and DC table numbers and F- 
numbers) . These values are stored in the auxiliary command 
storage, so that when that command is later reused the 
5 table number is that which has been stored. It is not 
recovered again from the ALU since, in general, the 
counters will have advanced in order to refer to the next 
block. 

Since the choice of the next instruction that will be 
10 used depends upon the data that is being decoded, it is 
necessary for the decision to be made very late in a cycle. 
Accordingly, the general structure is one in which all of 
the possible instructions are prepared in parallel and 
multiplexing late in the cycle determines the actual 
15 instruction. 

Note that in each case, in addition to determining the 
instruction that will be used by the Huffman Decoder in the 
next cycle, the state machine ROM also determines the 
instruction that will be attached to the current data as it 
2 0 passes to the Index to Data Unit and then onto the ALU. In 
exactly the same way, all three of these instructions are 
prepared in parallel and then a choice is made late in the 
cycle . 

Again, there are three choices for this part of the 

2 5 instruction that correspond to the three choices for the 

next Huffman Decoder instruction above. 

1) A constant instruction suitable for End of 
Block, 

2) The Huffman State Machine. The Huffman State 

3 0 Machine may provide an arbitrary instruction for 

the Index to Data Unit. 

3) The original instruction that was issued by the 
Parser to start the instruction. 

B . 2 . 2 . 5 . l BOB comparator 
35 The EOB comparator's output essentially forces selection 

of the constant instruction to be presented to the Index to 
Data Unit and will also cause the next Huffman Instruction 
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to be the next instruction from the Parser. The exact 
function ^of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the £0B comparator, there are four registers 
5 holding the index of the EOB symbol in the AC and DC JPEG 
tables. In the case of the DC tables, there is of course 
no End-Of-Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. Since this 
causes zero bits of FLC to be read in exactly the same way 
10 as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, 1, can also be used. This is the index 
number of the EOB symbol in H.261 and MPEG. 
B.2.2.5.2 ZRL Comparator 
15 In the present invention, this is the more general 

purpose comparator. It causes the choice of either the 
Huffman State Machine instruction or the Original 
Instruction for use by the I to D. 

Behind the ZRL comparator, there are four values. Two 
20 are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H.261) . 

The constant zero is' used in the case of an FLC. The 

2 5 constant 12 is used whenever the table number is less than 

8 (and VLC) . One of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 

3 0 comparator and another is provided to invert its action. 

If the TOKEN bit in the instruction is set, the 
comparator output is ignored and replaced instead by the 
extn bit. This allows for running until the end of a 
Token. 

35 B.2.2.5. 3 Huffman State Machine ROM 

The instruction fields in the Huffman State Machine are 
as follows: * • 
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nxtstate[4:0} . . 

The address to use in the next cycle. This address may 
be modified, 
statectl 

5 Allows modification of the next state address. If zero, 

the state machine address is unmodified, otherwise the LSB 
of the address is replaced by the value of either of the 
two comparators as follows: 



nxtsute{01 




0 


Replace Lsb by EOS match 


1 


Replace Iso by ZF.L match 



Note: in any case, if the next Huffman Instruction is 
10 selected as "Re-run original command" the state machine 
will jump to location 0, 1, 2 or 3 as appropriate for the 
command . 

eobctf 1:0] 

This controls the selection of the next Huffman 
15 instruction based upon the EOB comparator and extn bit as 
follows: 



eobcti(1:0l 




00 


No effect -see z;tcti[t:01 


01 


Take new (Parser) command \i EOS 


to 


Take new (Parser) ccmmand rf exin iow 


11 


Unconditional Oemux Instruction 



zrlct[l:0] 

This controls the selection of the next Huffman 
instruction based upon the ZRL comparator. If the 
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condition is met, then it takes the state machine 
instruction, otherwise it re-runs the original instruction. 
In either case, if an eobctl**- condition takes a demux 
instruction then this (eobctl*+) takes priority as follows: 



zrfctl(1:0] 




00 


Never ;ake SM (always re-run) 


Ot 


Always taKe SM command 


10 


SM if 2RL matcr.es 


11 


SM if ZRL does not match 



5 smtab[3:0] 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However, if 
the ZRL comparator matches, then the zrltab[3:0] field is 

10 used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:G] and zrltab{3:0] will have the same value. Note, 
however, that this can lead to strange simulation problems 

15 in Lsim. In the case of MPEG, there is no obvious 
requirement to load the registers that indicate the Huffman 
index number for ZRL (a JPEG only construction). However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 

20 sratab[3:0) and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 
zrltab[3 :0] 

2 5 This is the table number that will be used by the Huffman 

decoder if the selected instruction is the state machine 
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instruction. However, if the ZRL comparator matches then 
the zrltab(3:0] field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
5 smtab[3:0] and zrltab[3:0] will have the same value. Note, 
however, that this can lead to strange simulation problems 
in Lsim. in the case of MPEG, there is no obvious 
requirement to load the register that indicate the Huffman 
index number for ZRL (a JPEG only construction) . However, 

10 these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab(3:0] and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" {so it does not 
matter which is selected) the next state still goes to 

15 "unknown" . 

zrltab(3:0] 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machine 
instruction and the ZRL comparator matches. 

2 0 smvlc 

This is the VLC bits used by the Huffman Decoder if the 
selected instruction is the state machine instruction. 
aluzrl[ 1: 0] 

This field controls the selection of the instruction that 
2 5 is passed to the ALU . It will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 
machine : 



aluzr([1:0I 




00 


Always lake tne saved Parser State Machine Command 


01 


Always take me Huffman State Machine Command 


10 


Take trie Herman SM command if not EOS 


11 


Take We Huffman SM command if not ZBl 



alueob 
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This wire controls modification of the instruction passed 
to the ALU based upon the EOB comparator. This simply 
forces the ALU's output mode to "zinput" . This is an 
arbitrary choice; any output mode apart from "none" will 
5 suffice. This is to ensure that the end-of-lock command 
word is passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 



alueob 




0 


Oo not modify ALU outsrc field 


1 


Force "zinput" into outsrc if EOS march 



The remainder of the fields are the ALU instruction 
fields. These are properly documented in the ALU 

10 description. 

B.2.2.5,4 Huffman State Machine Modification 

In one embodiment of the state machine, the Index to Data 
Unit needs to "know" when the RUN part of an escape-coded 
Tcoefficient is being passed to the Index to Data Unit. 

15 While this can be accomplished using an appropriate bit in 
the control ROM, but to avoid changing the ROM, an 
alternative approach has been used. In this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 

20 designated in the ROM dealing with the RUN field. Of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover, 
the' af oredescribed approach of using a bit in the control 
ROM could be utilized. 

2 5 B,2«2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
"hd" . Logically, "hd" actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation) . Accordingly, "hd" includes the following 
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major blocks; 

Table B.2.6 Huffman Modules 



Module Name 


Description j 


hd<jp 


Huffman Decoder (Antnmetic) dataoatn | 


hdstdo 


Huffman State Machrne Datapath j 


hfitod 


Index to Data Unit j 



The following description of the Huffman modules is 
accomplished by a global explanation of the various 
5 subsystem areas shown in greater detail in the drawings 
which are readily comprehended by one of ordinary skill in 
the art. 

8.2.2*6.1 Description of H hd" 

The logic for the two-wire interface control usually 

10 includes three ports controlled by the two-wire interface; 
data input, data output and the command . In addition, 
there are two "valid" wires from the input shifter; 
token_valid indicating that a Token is being presented on 
in_ data(7:0] and serial_valid indicating that data is being 

15 presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority of phO 
latches are not enabled whilst two enables are provided for 

20 those that are; eO associated with serial data and eOt 
associated with Token data. 

In the present invention, the "done" signals (done, 
notdone and their phO variants doneO and notdoneO) indicate 
when a primitive Huffman command is completed. In the case 

2 5 when a Huffman State Machine command is executed, "done" 
will be asserted at the completion of each primitive 
command that comprises the entire state-machine command. 
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The 



*• signal notnew prevents the acceptance of a new com „ 
from the parwr c«. - • • command 

<^ w atS M «hine until the entire H uff«* 

State Machine command is completed. 

Regarding control of information received f rom the InH 
= to Data Unit the , , Index 

the control logic for the "size- n*,* • 
back to the h.,** ^ d 13 fed 

tne Huffman decoder durina JPFr ■ 
decodinq Thi = „ 9 JPEG coe fficient 

size • aCtUaUy hWen in two ways. If the 

3126 13 exactly one, this is fed back on „ , 

15 coefficients have been decode si"! • eXa " ly M 

not coded in this sltuat °^ 8 "°* ln JPEG "» is 

produced. ey analo gy „it h th e T 9 " 1 f ° rCSe ° b ** 

-1... as mentioned ^^L'^ *~* 



- — mentioned above t-h«>-« 

which this is done *' the " ln fa « two .ays in 

" or 3peg eo b o. Note tha^n th" " 

is made (j pe 9 eo b) , tt ilch i"" ^ ""V '"^ 
is fed back and not cleared untU a I " ^ 

Machine command is accepted The , ^ St "' 

actually g . t derated n 'T"* ^ "* 

». ' Thus, the fixed lengt „ code a e Je li^ 

effected, but the next Huff ' 1S nQt 

replaced „„ fk , Huffman coded information is 

replaced by the forced end of block t„ , h . 

is one and jpeg eobo is used only one h 1 

therefore, i 1255 and , °" e blt " and. 

- correct time." N ,te Ie \Tl ^ ^ 

in:: tr iM •*»- - - ™ - 

prorce de t C c°o d e« t S h ' airly ""^ ° f ~* to 

3= 1 tabo „ u " m t d <H d U " Mn Teoof f table, . 

ope^tion deC ° dlng U * ln * the « B * table, and nop <„o 

zero is one, the forceeob 
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signal is another (since no data should be read from the 
input shifter even though an output is produced to signal 
EOB) and lastly table download nomination is a third. 

notfrc2ero (generated by a FLC of size zero, a NOP) 
5 ensures that the result is zero when a NOP instruction is 
used. Furthermore, invert indicates when the serial bits 
should be inverted before Huffman decoding (see section 
B. 2. 2. l.l). ring indicates when the transform coefficient 
ring should be applied (see section B. 2. 2. 1.2). 

10 Decoding is also accomplished regarding addressing the 

codes-per-bit ROMs . These are built out of the small data- 
path ROMs. The signals are duplicated (e.g., csha and 
csla) purely to get sufficient drive by separating the ROMs 
into two sections. The address can be taken either from 

15 the bit counter (bit[3:0J) or from the microprocessor 
interface address (key-addr [ 3 : 0 ] ) depending upon UPI access 
to the block being selected. 

Additional decoding is concerned with the UPI reading of 
registers such as those that hold the Huffman index values 

20 for the JPEG tables (EOB, ZRL etc.). Also included is a 
tristate driver control for these registers and the UPI 
reading of the codes per bit RAMs . 

Arithmetic datapath decoding is also provided for certain 
important bit numbers. first_bit is used in connection 

25 with the Tcoeff first coefficient trick and bit_five is 
concerned with applying the ring in the Tcoeff table. Note 
the use of forceeob to simulate the action that the EOB 
comparator matches the decoded index value. 

Regarding the extn bit, if a token is read from the input 

30 shifter, then the associated extn bit is read along with 
it. Otherwise, the last -value of extn is preserved. This 
allows the testing of the extn bit by the microcode program 
at any time after a token has been read* 

When zerodat is asserted, the upper four bits of the 

35 Huffman output data are forced to zero. Since these only 
have valid values when decoding fixed length codes, they 
are zeroed when decoding a VLC, a token or when a NOP 
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instruction is executed for any reason. 

FurOieTr circuitry detects when each command is completed 
and generates the "done" signals. Essentially, there are 
two groups of reasons for being "done"; normal reasons and 
5 exceptional reasons. These are each handled by one of the 
two three way multiplexers. 

The lower multiplexer (i_l275) handles the normal 
reasons. In the case of a FLC, the signal ndnflc is used. 
This is the output of the comparator comparing the bit 

10 counter with the table number. In the case of a VLC, the 
signal ndnvlc is used. This is an output from the 
arithmetic datapath and reflects directly Equation 9. In 
the case of an NOP instruction or a Token, only one cycle 
is required and, therefore, the system is unconditionally 

15 "done". 

In the present invention, the upper multiplexer (i__1274) 
handles exceptional cases. If the decoder is expecting a 
size to be fed back (fbexpctdO) in JPEG decoding and that 
size is one (notfboneO) , then the decoder is done because 

20 only one bit is required. If the decoder is doing the 
first bit of the first coefficient using the Tcoeff table, 
it is done if bit zero of the current index is zero (see 
Section B. 2. 2. 1.2). If neither of these conditions are met 
then there is no exceptional reason for being done. 

25 The NOR gate (i_l293) finally resolves the "done" 

condition. The condition generated by i-570 (i.e., that 
the data is not valid) forces "done". This may seem a 
little strange. It is used primarily just after reset to 
force the machine into its "done" state in preparation for 

30 the first command ("done" resets all counters, registers, 
etc.). Note that any error condition also forces "done". 

The signal notdonex is required for use in detecting 
errors. The normal "done" signals cannot be used since on 
detecting an error "done" is forced anyway. The use of 

35 "done" would give a combinatorial feedback loop. 

Error detection and handling, is accomplished by 
circuitry which detects all of the possible error 
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conditions. These are ORed together in i_1190. In this 
case, i_ll93, i-585 and i_584 constitute the three bit 
Huffman error register- Note i_1253 and i-1254 which 
disable the error in the cases when there is no "real" 
5 error (section B.2.2.3). 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of the first command after an error is detected . 

As previously indicated, control signals are delayed to 
10 match pipeline delays in the Index to Data Unit and the 
ALU. 

Itod__bypass is the actual bypass signal passed to the 
Index to Data Unit, It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 
15 length code is decoded, 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 

2 0 (rather than each time one of the primitive commands 

completes) . 

Aluinstr[36] is the bit that allows the ALU to step the 
block counters (if other ALU instruction bits specify an 
increment too). This also must only be asserted once. 
25 In addition, these bits must only be asserted for ALU 

instructions that output data to the Token Formatter. 
Otherwise, the counters may be incremented prior to the 
first output to the Token formatter causing an incorrect 
value of "cc H in a DATA token. 

3 0 In the illustrated embodiment of the invention, either 

alunodefl] or alunode[0] will be low if the ALU will output 
to the Token Formatter. 

Figure 118, similar to Figure 27, illustrates the Huffman 
State Machine datapath referred to as "hdstdp". There is 
3 5 also a UPI decode for reading the output of the Huffman 
State machine ROM. 

Multiplexing is provided to deal with the case when the 



table number is specified by the ALU register file 
locations (see Section B«2.2*4.6). 

The modification of aluinstr [3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
B.2.2.5,3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (x) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 

Selhold causes the register to retain its current state. 

Selnew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
that retain the original Parser State Machine command for 
later use* 

Selold causes loading of the command from the registers 
that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huff-man 
State Machine ROM. 

In the case of the table number, the situation is 
slightly more complicated since the table number may also 
be loaded from the output data of the Index to Data Unit 
(selholdt and muxsize) . Latches hold the current address 
in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 
signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
"simple" command) . The signal notignorerom effectively 
disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU. 

The circuitry generating fixstateO controls the limited 
jumping capability of this state machine. 

Decoding is also provided for driving the signals into 
the Huffman State Machine ROM. This is datapath-style 
combinatorial ROM . 
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The generation of escape_run is described in Section 
B. 2 . 2 .T. 4". 

Decoding also provides for the registers that hold the 
Huffman Index number for symbols such as ZRL and EOB. 
5 These registers can be loaded from the UPI or the datapath. 
The decoding in the center (es ( 4 : 0 ] and zs[3:0] is 
generating the select signals for the multiplexers that 
select which- register or constant value to compare against 
the decode Huffman Index. 

10 Regarding the control logic for the Huffman State 

Machine. Here the "instruction" bits from the Huffman 
State Machine ROM are combined with various conditions to 
determine what to do next and how to modify the instruction 
word for the ALU. 

15 In the present invention, the signals notnew, notsm and 

notold are used on sheet 10 to control the operation of the 
Huffman Decoder command register. They are generated here 
in an obvious manner from the control bits in the state 
machine ROM (described in Section B.2.2.5.3) together with 

20 the output of the Huffman Index comparators (neobmatch and 
nzrlmatch) . 

Selection is also accomplished of the source for the 
instruction passed to the ALU. The actual multiplexing is 
performed in the Huffman State Machine datapath "hfstdp" . 

25. * Four control signals are generated. 

In the case when the end-of-block has not been 
encountered, one of aluseldmx (selecting the Parser State 
Machine instruction) or aluselsm (selecting the Huffman 
state machine instruction) will be generated. 

30 In the case when the end-of-block has not been 

encountered, one of aluseleobd (selecting the Parser State 
Machine instruction) or aluseleobs (selecting the Huffman 
State Machine instruction) will be generated. In addition 
the "outsrc" field of the ALU instruction is modified to 

35 force it to "zinput" . 

A register holds the nominated table number during table 
download. Decoding is provided for the codes-per-bit RAMs . 
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Additional decoding recognizes when symbols like EOB and 
ZRL are ^ downloaded so that the Huffman Index number 
registers can be automatically loaded* 

Regarding the bit counter, a comparator detects when the 
5 correct number of bits have been read when reading a FLC . 

B«2.2.6.2 Description of "hddp" 

Comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob[7:0] and mzr(7:0]) select which value to 
10 use and the exclusive-or gates and gating constitute' the 
comparators . 

Adders and registers directly evaluate the equations 
described in Section B.2.2.1. No further description is 
thought necessary here. An exclusive or is used for 
15 inverting the data (i_807) described in Section B. 2. 2. 1.1. 

The "code" register is 12 bits wide, A multiplexing 
arrangement implements the "ring" substitution described in 
Section B . 2 . 2 . 1 . 2 . 

Regarding the pipeline delays for data and multiplexing 
2 0 between decoded serial data (index[7:0]) and Token data 
(ntokenO [7 : 0 ] ) , the Huffman index value is decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 

2 5 because the table select information arrives late. All 

tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram" . 

3 0 B.2.2.6.3 Description of "hdstdp" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
3 5 Formatter. It only processes about half of the instruction 
word that is passed to the ALU, the remainder being dealt 
with by the other module "hdstmod" . 
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"Hdstmod" includes the Huffman State Machine ROM. Some 
bits of "this instruction are used by the Huffman State 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
5 Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel- 1 ' is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
10 remainder of the circuitry is concerned with UPI read 
access to half of the Huffman State Machine ROM outputs. 
Buffers are also used for the control signals. 
B.2.3 The Token Formatter 

The Huffman Decoder Token Formatter, in accordance with 
15 the present invention, sits at the end of the Huffman 
block. Its function, as its name suggests, is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
20 Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATAJTOKEN. 
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B.2.3.1 The Microinstruction Word 

Table B.2.7 The Microinstruction 
word consisting of seven fields 



r^d Name 


Sits 


Token 


0:7 


Mask 


6: It 


3!<x* Type (Bt) 


12::3 


.£ xrer naJ Extn (Ee) 


14 


Oemux Extn {De) 


15 


End of SlocK {Eb) 


16 


Command (Cmd) 


17 



17 16 15 14 



12 



;mci 



De 



Ee 



Bt 



Mask 



Token 



i he Microinstruction word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
by the same accept as the Data word. 
B.2.3.2 Operating Modes 

Table B,2.8 Bit Allocation 



Cmd 


Mode 


0 


Oata_Word 


1 


Oata ..Token 
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B. 2 . 3 . 2 . 1 Data Word 

In this mode, the top eight bits of the input are fed to 
the output. The bottom eight bits will be either the 
bottom eight bits of the input, the Token field of the 
5 Microinstruction word or a mixture of both, depending on 
the mask field. Mask represents the "number of input bits 
in the mix, i.e. 

out_data ( 16 : a] =in_data [16:3] 

out_data { 7 : 0 ] = (Token [ 7 : 0 ] & ( f f <<mask ) ) indata [7:0] 
10 When mask is set to 0 x 8 or greater, the output data 

will equal the input data. This mode is used to output 
words in non-DATA Tokens. With mask set to 0, out_data [ 7 : 0 ] 
will be the Token field of the Microinstruction word. This 
mode is used for outputting Token headers that contain no 
15 data. When Token headers do contain data, the number of 
data bits is given by the mask field. 

If External Extn(Ee) is set, out_extn=in_extn , 
otherwise 

out_extn=De.Bt and Eb are "don't care". 

2 0 B.2.3.2.2 Data Token 

This mode is used for formatting DATA Tokens and has two 
functions dependent on a signal, f irst_coef f icient . At 
reset, first_coeff icient is set. When the first data 
coefficient arrives along with a Microinstruction word that 

2 5 has cmd set to 1, out_data [ 16 : 2 ] is set to 0 x 1 and 
out_data[ 1:0] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token. 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, RL and 

30 first_coeff icient takes the value of Eb. When the next 
coefficient arrives, out_data[ 16 : 0] takes the previous 
coefficient, stored in RL. RL and f irst_coeff icient are 
then updated. This ensures that when the end of the block 
is encountered and £b is set, first_coeff icient is set, 

35 ready for the next DATA Token, i.e., 




441 



out,daca{l.-OJ = 3C[1:0] 
?XC16:0J » ia.data [16:0] 

) 

else 

( 

out,data(l«;0] « RL(16:0] 
KL[I6:0J - ia_data [1$ : 0 j 

} 

out.extn - -cb 

B.2.3.3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser State Machine. However, two of the fields are 
5 actually supplied by other circuitry. The "Bt" field 
mentioned above is connected directly to an output of the 
• * ALU block. This two bit field gives the current value of 
"cc" or "color component". Thus, when a DATA Token header 
is constructed, the lowest order two bits take the color 
10 component directly from the ALU counters. Secondly, the 
"Eb M bit is asserted in the Huffman decoder whenever and 
End-of-block symbols id decoded (or in the case of JPEG 
when one is assumed because the last coefficient in the 
block is coded) . 

15 The in_extn signal is derived in the Huffman Decoder. It 

only has meaning with respect to Tokens when the extension 
bit is supplied along with the Token word in the normal 
way . 
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B.2.< The Parser State Machine 

The ""parser State Machine of the present invention is 
actually a very simple piece of circuitry. The 
complication lies in the programming of the microcode ROM 
5 which is discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address* This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple incrementer and 

10 this incremented address is one of two possible addresses 
to be used for the next state. The other address is a 
field in the microcode ROM itself. Thus, each instruction 
is potentially a jump instruction and may jump to a 
location specified in the program. If the jump is not 

15 taken, control passes to the next location in the ROM. 

A series sixteen condition code bits are provided. Any 
one of these conditions may be selected (by a field in the 
microcode ROM) and, in addition, it may be inverted (again 
a bit in the microcode ROM) , The resulting signal selects 

20 between either the incremented address or the jump address 
in the microcode ROM. One of the conditions is hard-wired 
to evaluate as "False", If this condition is selected, no 
jump will occur. Alternatively, if this condition is 
selected and then inverted, the jump is always taken; an 

25 unconditional jump. 
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Table B.2.9 Condition Code Bits 



8ttNo. 


Name 




0 


user(0] 


Connected to a register rrografrrracie cy -ie user - err: 
me rr::cro processor interface. They allow \ser ce p, re-:* 
condition codes t^aj can ce 'esteci *i;h hrr.* cverreas. 
Two are defined to cent/of non-stardafd *Ccced t^ocx 
Panern" processing for experimental 4 cIock arc 3 c<c<\ 
macrefciock structures. 


1 


userH] 


2 




3 


cae.scecal 


4 


he(0) 


These ons connect arectty to tne i-.uffnan cecccer s 
Huffman error regisrer. 


5 


heft] 


6 


he(2j 


7 


Exm 


The -xtensron bit {for Tokens) 


3 


aikotn 


The Stock Pattern Shifter 


9 


MBstan 


At Stan of a Macroctoc* 


10 


Picstart 


ai Stan of a Picture j 


it 


Restart 


At Stan of a Restart Jniervaf 


\Z 


Cnngcet 


The 'SticKy Change Oe:ect d< 


13 


Zero 


ALU zero condition 


14 


Sign 


ALU sign condition 


\ 5 


Fafse 


Hard wired to False. 



B.2.4.1 Two wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
5 two-wire interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM. In addition, condition codes 
10 are fed back through a wire from the ALU. 

Each command has a bit in the microcode ROM that allows 
it to specify that it should wait for feedback. If this 
occurs, then after that instruction has been accepted by 
the Huffman Decoder, no new commands are presented until 
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the feedback wire from the ALU becomes asserted. This 
wire, fb_valid, indicates that' the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
5 requested the wait for feedback. 

The intended use of the feature, in accordance with the 
present invention, is in constructing conditional jump 
commands that decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data. 

10 Without this facility it would be impossible to test any 
conditions depending upon data in the pipeline since the 
two-wire control means that the time at which a certain 
command reaches a given processing block {i.e., the ALU in 
this case) is uncertain. 

15 Not all instructions are passed to the Huffman Decoder. 

Some instructions may be executed without the need for the 
data pipeline. These tend to be jump instructions. A bit 
in the microcode ROM selects whether or not the instruction 
will be presented to the Huffman Decoder. If not, there is 

20 no requirement that the Huffman Decoder accept the 
instruction and, therefore, execution can continue in these 
circumstances even if the pipeline is stalled. 
B.2.4.2 Event Handling 

There are two event bits located in the Parser State 

2 5 Machine. One is referred to as the Huffman event and the 

other is referred to as the Parser Event. 

The Parser Event is the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 
30 Parser Event by setting this bit. Typically, the 
instruction that does - this will write an appropriate 
constant into the rom_control register so that the 
interrupt service routine can determine the cause of the 
interrupt . 

3 5 After servicing a Parser Event (or immediately if the 

event is masked out) control resumes at the point where it 
left off. If the instruction that caused the event has a 
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jump instruction (whose condition evaluates true) then the 
jump is taken in the normal manner. Hence, it is possible 
to jump to an error handler after servicing by coding the 
jump . 

5 A Huffman event is rather different. The condition being 

monitored is the "OR" of the three Huffman Error bits. In 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 

10 occurs. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 

15 handler. There is no "call" mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handling . 

It is possible for huffintrpt to be asserted without a 

20 Huffman error being generated. This occurs in the special 
case of a "no-error 1 * error as discussed in Section B.2.2.3, 
In this case, no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). Since the Huffman error 

25 register will be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly . 
B.2.4.3 special locations 

There are several special locations in the microcode ROM. 

3 0 The first four locations in the ROM are entry points to the 
main program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register, 
coding_std. Since this location is itself reset to zero by 

3 5 a true reset control passes to location zero. However, it 
is possible to reset the Parser State Machine alone by 
using the UPI register bit CED_H__TRACE__RST in CED_H_TRACE. 
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In this case, the coding_std register is not reset and 
control passes to the appropriate one of the first four 
locations . 

The second four locations (0 x 004 to 0 x 007) are used 
5 when a Huffman interrupt takes place. Typically, a jump to 
the actual error handler is placed in each of these 
locations. Again, the choice of location is made as a 
result of the .coding standard. 
S.2.4.4 Tracing 

10 As a diagnostic aid, a trace mechanism is implemented. 

This allows the microcode to be single-stepped. The bits 
CED_H_TRACE__ EVENT and C£D_HJTRACE_KASK in the register 
CED_H_TRACE control this. As their names suggest, they 
operate in a very similar fashion to the normal event bits. 

15 However, because of several differences (in particular no 
UPI interrupt is ever generated) they are not grouped with 
the other event bits. 

The tracing mechanism is turned on when CED_HJTRACE_MASK 
is set to one. After each microcode instruction is read 

2 0 from the ROM, but before it is presented to the Huffman 

Decoder, a trace event occurs. In this case, 

CED_H_TRACE_EVENT becomes one. It must be polled because 
no interrupt will be generated. The entire microcode word 
is available in the registers CED_H_KEY_DMX_WORD_0 through 

25 " CED_H_KEY_DMX_WORD_9 . The instruction can be modified at 
this time if required. Writing a one to CED_HJTRACE_EVENT 
causes the instruction to be executed and clears 
CED_H_TRACE_EVENT . Shortly after this time, when the next 
microcode word to be executed has been read from the ROM, 

30 a new trace event will occur. 
The Microcode 

The microcode is programmed using an assembler "hpp" 
which is a very simple tool and much of the abstraction is 
achieved by using a macro preprocessor. A standard "C" 

3 5 preprocessor "cpp" may be used for this purpose. 

The code is instructed as follows: 

Ucode.u is the main file. First, this includes tokens. h 
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to define the tokens. Next, regfile.h defines the ALU 
register ^map. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
5 that are used in the code are defined. After this step, 
instr.u is included to define a *" large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next, 
unword.u defines the order in which the fields are placed 

10 to build the microcode word. 

The remainder of ucode.u is the microcode program itself. 
B.2.5.1 The Instructions 

In this section the various instructions defined in 
ucode.u are described. Not all instructions are described 

15 here since in many cases they are small variations on a 
theme (particularly the ALU instructions) . 
B. 2.5.1.1 Huffman and Index to Data instructions 

In the invention, the H_NOP instruction is used by the 
Huffman Decoder. It is the No-operation instruction. The 

2 0 Huffman does nothing in the sense that no data is decoded. 
The data produced by this instruction is always zero. 
Accordingly, the associated instruction is passed onto the 
ALU. 

The next instructions are the Token groups; HJTOKSRCH, 

2 5 HJTOKSKIP_PAD, H_TOKSKIP_JPAD , HJTOKPASS and HJTOKREAD . 

These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. HJTOKREAD reads a 
single token word. HJTOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 

3 0 The associated command is repeated for each word of the 

Token. HJTOKSRCH discards all serial data preceding a 
Token and then reads one token word. HJTOKSKIP_PAD skips 
any padding bits (H.261 and MPEG) and then reads one Token 
word. HJTOKSKIP_JPAD does the same thing for JPEG padding. 
35 H_FLC(NB) reads a fixed length code of "NB H bits. 

HJ^LC(TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., H_VLC(tcoef f ) ) . 
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H_FLC_IE(NB) is like H_FLC, but the "ignore errors' 1 bit 
is setT 

H_TEST__VLC{TBL) is like H_VLC , but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
5 Data Unit unmodified. 

H_FWD_R and H_BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_size and r_bwd_r_s ize , 
respectively. 

H_DCJ reads JPEG style DC coefficients, the table number 
10 from the ALU. 

H_DCH reads a H.261 DC term. 

HJTCOEFF and H__DCTCOEFF read transform coefficients. In 
H_DCTCOEFF, the first coeff bit is set and is for non-intra 
blocks, whilst HJTCOEFF is for intra blocks after the DC 
15 term has already been read. 

H_NOMINATE(TBL) nominates a table for subsequent 
download . 

H_DNL(NB) reads NB bits and downloads them into the 
nominated table. 
2 0 B . 2 . 5 . 1 . 2 ALU Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
2 5 be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load" 
instruction is used. In the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x., i.e., 
30 the destination is listed first and the source second: 
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Table B.2.10 Letters used to denote possible 
sources and destinations of data 



Letter 




A 


A register 


a 


Run register 


i 


Data incut 


0 


Data Output 


F 


ALU register F ; ie 


c 


Constant 


z 


Constant of zero 



By way of example, LDAI loads the A register with the 
data from the data input port of the ALU . If the ALU 
5 register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file. 

The ALU has the ability to modify data as it is moved 
from source to destination. In this case, the arithmetic 
10 is indicated as part of the source data. Accordingly, the 
Mnemonic LDA_AADDF (RA) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA^ISGXR, which takes the input data, sign extends from 
15 the bit indicated in the RUN register, and stores the 
result in the A register. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC(RA) which loads the result of A minus a 
20 constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
"GLRA" is used for clearing the A register, "RMBC" to reset 
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the macroblock counter. These are fairly obvious and are 
described in comments in instr.u. 

One anomaly is the use of a suffix M __0 ,( to indicate that 
the result of the operation is output to the Token 
5 formatter in addition to the normal action. Thus 
LDFI_0(RA) stores the input data and also passes it to the 
token formatter. Alternatively, this could have been 
LDF_LD0_I (RA) if desired. 
B . 2 « 5 . 1 « 3 Token Formatter Instructions 
10 This is the T — NOP "No-operation M instruction. This is 

really a misnomer as it is impossible to construct a no- 
operation instruction. However, this is used whenever the 
instruction is of no consequence because the ALU does not 
output to the Token Formatter. 
15 T-TOK output a Token word. 

T_DAT output a DATA Token word (used only with the 
Huffman State Machine instructions) . 

T-GENT8 generates a* token word based on the 8 bits of 
constant field. 

20 T_GENT3E like T_GENT8 , but the extension bit is one. 

T_0PD(NB) NB bits of data from the bottom NB bits of the 
output with the remainder of the bits coming from the 
constant field. 

T_OPDE(NB) like T_0PD, but the extension bit is high. 

2 5 T_0PD8 short-hand for T_0PD(8) 

T_OPD8E short-hand for T_0PDE(8) 
B>2.S.ii4 Parser State Machine Instructions 

This instruction, D_NOP No-operation, i.e., the address 
increments as normal and the Parser State Machine does 
30 nothing special. The Remainder of the instruction is 
passed to the data pipeline. No waiting occurs. 

D_WAIT is like D_NOP , but waits for feedback to occur. 

The simple jump group. Mnemonics like D_JMP ( ADDR) and 
D_JNX ( ADDR) jump if the condition is met. The instruction 

3 5 is not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP (ADDR) and 
D_XJNX (ADDR) . 'these are like their simple counterparts 
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above, but the instruction is output to the Huffman 
Decoder . 

The jump and wait group. Mnemonics like D_WJN2 (ADDR) . 
These instructions are output to the Huffman Decoder and 
5 the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves* 

Table B.2.11 Mnemonics used for the conditions 



Mnemonic 


Meaning 


JMP 




UnconcitionaJ /umo 


JXT 


JNX 


Jump if extn=1 (extnsO) 


JHEO 


JNHHO 


Jump ;f Huffman errcr bit 0 set {clear) 


JHE! 


JNHS ! 


Jumo if Huffman error bit ! set (clear) 


JHE2 


JNHH2 


Jumo tf Huffman srrcr b«t 2 set (clear) j 


JP*N 


Jumo tf partem snifter L33 is set 


j?\CST 


JNPICS7 


Jumo ;s at picture start (not at picture s:a~) j 


JRSTST 


JNRSTST 


Jumo if at start of restan interval (not a: start) 




JNCPSS 


Jumo if not spectaJ CPS cooing 




JNCPS8 


Jumo if no; 8 bloc* (i.e. 4 biock) mac.-cCfoc* 


J Ml 


JPL 


Jumo tf negative (jumo if otus) j 


JZE 


JN2 


Jumo »f zero (jumo if non-zero) 


oCHNG 


JNCHNG 


Jumo if cnange cetect btt set (clear) 


JM3ST 


JNMSST 


Jumo if at start of macrobicck (not at start} 
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D_£VENT causes generation of an event, 

D_DFLT*"for construction of a default instruction. This 
causes an event and then jumps to a location with the label 
"dflt". This instruction should never be executed since 
5 they are used to fill a ROM so that a jump to an unused 
location is trapped. 

D_ERROR causes an event and then jumps to a label 
,f srch_dispatch" which is assumed to attempt recovery from 
the error* 
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SECTION B.3 HUFFMAN DECODER ALU 

B« 3 « 1 Introduction 

The Huffman Decoder ALU sub-block, in accordance with the 
present invention, provides general arithmetic and logical 
functionality for the Huffman Decoder block* It has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples. It also has a flexible 
structure whose precise operation and configuration are 
specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e., under the 
control of the two-wire interface. 

In addition to the 36-bit instruction and 12-bit data 
input ports, the ALU has a 6-bit run port, and an 8-bit 
constant port (which actually resides on the token bus) . 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through the 
ALU datapath. There is a single bit within the 
microinstruction word which represents an extension bit and 
is output together with the 17-bit-run-sign-level 
(out_ data) . There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_valid. 
There is a register file which is accessible to other 
Huffman Decoder sub-blocks via the ALU, and also to the 
microprocessor interface . 
8.3 .2. 2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126. It comprises the following components: 

Input block 4 00 

"Output block 401 

Condition Codes block 4 02 

M A M register 403 with source multiplexing 
Run register (6 bits) 4 04 with source multiplexing 
Adder/ Subtractor 405 with source multiplexing 
Sign Extend logic 406 with source multiplexing 
Register file 407 
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Each of these blocks (except the output block) drives its 
output onto a bus running through the datapath, and these 
buses are, in turn, used as inputs to the multiplexing for 
block sources. For example, the adder output has it own 
5 datapath bus which is one of the possible inputs to the A 
register. Likewise, the A register has its own bus which 
forms one of the possible inputs to the adder. Only a sub- 
set of all possibilities exist in this respect, as 
specified in Section 7 on the microinstruction word, 

10 In a single "cycle, it is possible to execute either an 

add-based instruction or a sign-extend-based instruction. 
Furthermore, it is allowable to execute both of these in a 
single cycle provided that their operation is strictly 
parallel. In other words, add then sign extend or sign 

15 extend then add sequences "are not allowed. The register 
file may be either read from or written to in a single 
cycle, but not both. 

The output data has three fields: 

* run - 6 bits 
20 * sign - 1 bit 

• level - 10 bits 

If data is to be passed straight through the ALU, the 
least significant 11 bits of the input data register are 
latched into the sign and level fields. 

25 " It is possible to program limited multi-cycle operations 
of the ALU* In this regard, the number of cycles required 
is given by the contents of the register file location 
whose address is specified in the microinstruction, and the 
same operation is performed repeatedly while an iteration 

30 counter decrements to one. This facility is typically used 
to effect left shifts, using the adder to add the A 
register to itself and to store the result back in the A 
register . 

B.3.3 The Adder /Subtracter Sub-Blocfc 

35 This is a 12-bit wide adder, with optional invert on its 

input2 and optional setting of the carry-in bit. Output is 
a .12 bit sum, and carry-out is not used. There are 7 modes 
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of operation: 

i ADD: add with carry in set to zero: inputl + input2 
•ADC: add with carry in set to one; inputl + input2+l 
•SBC: invert input2 , carry in set to zero: inputl - 
5 input2 - 1 

-SUB: invert input2 , carry in set to one: inputl - 
input2 

•TCI: if input2<0, use SUB, else use ADD « This is 
used with inputl set to zero for obtaining a magnitude 
10 value from a two's compliment value. 

DCD (DC difference): if input2<0 do ADC, otherwise do . 
ADD. 

VRA (vector residual add) : if inputKO do ADC, 
otherwise do SBC. 
15 B.3.4 The Sign Extend Sub-Block 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size input. Size is a 4 bit 
value ranging from 0 to 11 (0 relates to the least 
significant bit, 11 to the most significant) . Output is a 
20 12 bit modified data value, and the "sign" bit. 

In SGXMODE= NORMAL, all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged. Sign takes the value of the size- 
th bit. For example: 
25 data = 1010 1010 1010 

size = 2 

output = 0000 0000 0010, sign=0 

In SGXMOD^INVERSE, all bits above (and including) the 
size-th bit, take the inverse of the size-th bit, while all 
30 those below remain unchanged. Sign takes the inverse of 
the size-th bit. For example: 

data = 1010 1010 1010 

size = o 

output = nil mi nil, sign = 1 
35 In SGXMODE=DIFMAG , if the size-th bit is zero, all the 

bits below (and including) the size-th bit are inverted, 
while all those above remain unchanged. If the size-th bit 
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is one, all bits remain unchanged. In both cases, sign 
takes the inverse of the size-th bit. This is used for 
obtaining the magnitude of AC difference values. For 
example : 
5 data = 0000 1010 1010 

size = 2 

output = oooo 1010 1101, sign = 1 

data = 0000 1010 1010 
size = 1 

10 output = 0000 1010 1010, sign = 0 

In SGXMODE=DIFCOMP, all bits above (but not including) 
the size-th bit, take the inverse of the size-th bit, while 
all those below (and including) remain unchanged. Sign 
takes the inverse of the size-th bit. This is used for 
15 obtaining two's compliment values for DC difference values. 
For example: 

data = 1010 1010 1010 
size = 0 

output = 1111 nil 1110, sign = 1 
20 B.3.5 Condition Codes 

There are two bytes (16 bits) of condition codes used by 
the Huffman block, certain bits of which are generated by 
the ALU/register file. These are the Sign condition code, 
the Zero condition code, the Extension condition code and 

2 5 a Change Detect bit. The last two of these codes are not 

really condition codes since they are not used by the 
Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
when the Parser issues an instruction to do so, and for 
30 each, of these instructions the condition code valid signal 
is pulsed high once. 

The Sign condition code is simply the sign extend sign 
output latched, while the Zero condition code is set to 1 
if the input to the A register is zero. The Extension 

3 5 condition code is the input extension bit latched 

regardless of OUTSRC. 
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Condition codes may be used to evaluate certain condition 
types; 

■ result equals constant - use subtract and Zero 
condition 

5 • result equals register value - use subtract and 

Zero condition 

- register equals constant - use subtract and Zero 
condition . 

* register bit set - use sign extend and Sign condition 
10 * result bit set - use sign extend and Sign condition 

Note that when using the sign extend and Sign condition 
code combination, it is possible only to evaluate a single 
specified bit, rather than multiple bits as would be the 
case with a conventional logical AND. 
15 The Change Detect bit, in the present invention, is 

generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. A 
bit in the microinstruction indicates that the Change 
Detect bit should be updated if the value currently being 
20 written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGMODE set to 
WRITE) . A microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 

2 5 reset by activating Change Detect in the normal way, but 

with REGMODE set to READ. 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_Start, Pattern_Code , Restart 
30 and Pic_Start. 

B.3.6 The Register File 

The address map for the register file is shown below. It 
uses a 7-bit address space, which is common to both the ALU 
datapath and the UPI. A number of locations are not 

3 5 accessed by the ALU, these typically being counters in the 

hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but form 
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part of the address map for the UPI. Some multi-byte 
locations (denoted in the table by "0" for oversize) have 
a single ALU address, but multiple UPI addresses. 
Similarly, groups of registers which are indexed by the 
5 component count, CC (Indicated by 1 11 in the table) are 
treated as a single location by "the ALU. This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 

10 (UPI read only), are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 

15 are denoted in the table by "M" , and those which are also 
counters (n-bit) are annotated with Cn . 

In the present invention, certain locations have their 
contents hardwired to other parts of the Huffman sub- 
system-coding standard, two r-size locations, and a single 

20 location (2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder. 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI , otherwise they have UPI access 
only. Groups of registers that are undirected through CC 

25 by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 

30 for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Mote that locations 2£ and 2F are 
accessible in the top-level address map (denoted "T" ) , 
i.e., not. only through the keyhole registers. These two 

35 locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not affect 
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the addressing in any way. The main table shows 
allocations for MPEG, and the ttfo repeated sections give 
the variations for JPEG and H.261 respectively. 
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37 


acnuH3 1 


M.I 


79 


fit 


i 




38 


tqO 


j MJ 


7A 


h2 


I -J 




39 






MJ 


7B 


h3 


j ! 


i |3A 


tq2 




MJ 


7C 


vO 






38 


tq3 




MJ 


70 


vl 






3C 


cO 




MJ 


7S 


v2 ill 




30 


ct 




MJ 


7F 


v3 | | | 



Table B.3.1 Table l: Huffman Register File Address Map 
JPEG Variations: 





10 1 


loriz pels I 






U 1 


loriz pels 0 






12 


vert pels I 






13 


vert pels 0 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 






18 


bit rate 1 






19 


bit rate 0 






1A 


pic rate 






IB 


constrained 






1C 


picture type 






ID 


H261 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay I 






21 


vbv delay 0 






22 


pending frame ch 






23 


restart index 






24 


horiz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








2A 







Table B.3.2 JPEG Variations 






2B 








2C 


first scan 






2D 


in picture 






2E 


rom control 






2F 


rom revision 





Table B.3.2 jpeg Variations 



H.261 Variations 



IS 


10 


horiz pels 1 






11 


horiz pels 0 






12 


vert pels I 






13 


vert pels 0 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 




17 


bit rate 2 






18 


bit rate 1 






19 


bit rate 0 






1A 


pic rate 






IB 


constrained 






1C 


picture type 






ID 


H261 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay I 






21 


vbv delay 0 






22 


full pel fwd 






23 


full pel bwd 






24 


honz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








2A 








2B i 


n gob 
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2C 


first group 






2D 


in picture 






2E 


rom control 






2F 


rom revision 





Table B.3.3 H*26l Variations 

B.3.? The Microinstruction Word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
5 controlling a different aspect of the structure described 
above. The total number of bits used in the instruction 
word is 36, (plus 1 for the extension bit input) and a 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
10 maintained. The instruction v word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the Italics. 
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Field 


Value 


Description 


Bits 


OUTSRC 


RSA6 


run, sign. A register as 6 bits 


0000 


(specifies 


Z2A 


zero, zero, A register 


0001 


sources for 


Z2A8 


zero, zero, A register Is 8 bits 


0010 


run. sign and 


ZZADDU4 


zero, zero, adder o/p ms 4 bits 


0011 


level output) 


ZINPUT 


zero, input data 


;Q!C0 j 




RSSGX 


run. sign, sign extend o/p 


Oil! 




RSADD 


run. sign, adder o/p 


1000 




RZADD 


run, zero, adder o/p 


1001 




RIZADD 


input run, zero, adder output j 




ZSADD 


zero, sign, adder o/p 


1010 




ZZADD 


zero. zero, adder o/p 


101 1 




NONE 


no valid output - out_valid set to zero 


11 XX 


REGADDR 


00-7F 


register file address for ALU access 


7 bits 


REGSRC 


ADD 


drive adder o/p onto register file i/p 


0 




sex 


drive sign extend o/p onto register file i/p 1 


REGMODE 


READ 


read from register file 


0 




WRITE 


write to register file | I 


CNGDET 


TEST 


update change detect if REGMODE is 
WRITE 


0 


i. change 


HOLD 


do not update change detect bit 


1 ! 


detect) 


CLEAR 


reset change detect if REGMODE is READ 


0 ! 



Table B.3*4 Table 2: Huffman ALU 
microinstruction fields 
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RUNSRC 


RUNIN 


dnve run i/p onto run register i/p 


o ! 




ADD 


drive adder o/p onto run register i/p 


1 


R (JN'MODE 


LOAD 


update run register 


0 




HOLD 


do not update run register [ 


ASRC 


ADD 


drive adder o/p onto A register i/p 


| 00 


/'A r*o"Kre*r 


INPUT 


drive input data onto A register L/p 


01 




SGX - 


drive sign extend o/p onto A register i/p 


10 




REG 


drive register file o/p onto A register i/p 


It 






update A register 


. 0 




HOf n 

nuLu 


do not update A register 1 




l> VJK^ylrVU 


sign extend with sign 


00 


(sign extend 


1FN VcKot 


sign extend with -sign 


Oi 


mode - see 


ULrivlAU 


invert lower bits if sign bit is 0 


10 


section 4) 


DirLUMr 


sign extend with -sign from next bit up 


11 


SIZcSRC 


CONST 


drive const, i/p onto sign extend size i/p 


00 


(source for 


A 


drive A register onto sign extend size i/p 


01 


sign extend 


REG 


drive reg.file o/p onto sign extend size i/p 


10 


size input) 


RUN 


drive run reg. onto sign extend size i/p 


u 


SGXSRC 


INPUT 


drive input data onto sign extend data i/p 


0 


(sgx input) 


A 


drive A register onto sign extend data i/p 


1 


ADDMODE 


ADD 


input! + input2 


000 


(adder mode 


ADC 


input 1 + input2 + 1 


001 


see sect. 3) 


SBC 


input 1 - input2 - 1 


010 




SUB 


input I - input2 


on 




TCI 


SUB if input2<0. else ADD - 2's comp. 


100 




DCD 


ADC if input2<0. else ADD - DC diff 


101 




VRA 


ADC if input i<0, else SBC-vec resid add 


110 


ADDSRC1 


A 


drive A register onto adder input! 


00 


(source for 


REG 


drive register file o/p onto adder i/p I 


01 


adder-i/p i - 


INPUT 


drive input data onto adder input I 


10 


non-invert) 


ZERO 


drive zero onto adder input I 


11 


ADDSRC2 


CONST 


drive constant i/p onto adder input! 


00 


(source for 


A 


drive A register onto adder input2 


01 


inverting 


INPUT 


drive input data onto adder input2 


10 I 


input) 


REG 


drive register file o/p onto adder i/p2 


11 


CNDC- 
MODE 


TEST 


update condition codes 


0 



Tabie B,3,4 Tabie 2: Huffman ALU microinstruction fields 
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(cond. codes) 


HOLD 


do not update condition codes 


I 


CNTMODE 


NOCOUNT 


do not increment counters 


XOO 


(mbstructure 


BCINCR 


increment block counter and ripple 


001 


count mode) 


CCINCR 


force the component count to incr 


010 




RESET 


reset all counters in mb structure 


Oil 




DISABLE 


disable all counters 


1XX 


INSTMODE 


MULTI 


iterate current instr muki times 


0 




SINGLE 


single cycle instruction only 


I 



Table B,3.4 Table 2: Huffman ALU microinstruction fields 
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SECTION B.4 Buffer Manager 

B . 4 . l Introduction 

This document describes the purpose , actions and 
implementation of the Buffer Manager, in accordance with 
the present invention {bman) . 
B. 4 .2 overview 

The buffer manager provides four addresses for the DRAM 
interface. These addresses are page addresses in the DRAM. 
The DRAM interface maintains two FIFOs in the DRAM, the 
Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a Write address for 
each buffer. 
B.4.3 interfaces 

The Buffer Manager is connected only to the DRAM 
interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4.4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
address. (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain. 

B.4.4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers :- 

Initialization registers (RW from microprocessor) 

BASECB - base address of coded data buffer 
\ LENGTHCB - maximum size (in pages of coded data 
buffer 

* BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

-LIMIT - size (in pages) of the DRAM. 
Dynamic registers (RO from microprocessor) 

* READCB - coded data buffer read pointer relative to 
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BASECB 

•NUHBERCB - coded data buffer write pointer relative 
to READCB 

* READTB - token data buffer read pointer relative to 
5 BASETB 

* NUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses :- 
readaddr = (BASE + READ) mod LIMIT 
10 writeaddr * (((READ + NUMBER) mod LENGTH) + BASE) mod 

LIMIT 

The "mod LIMIT" term is used because a buffer may wrap 
around DRAM. 

B.4,5 Block Description 

15 In the present invention, and as shown in Figure 127, the 

Buffer Manager is composed of three top level modules 
connected in a ring which snooper monitors the DRAM 
interface connection. The modules are b«prti*« (prioritize) , 
b»in«*r (instruction), and birtcaic (recalculate) are arranged 

20 in a ring of that order and oamoop (snoopers) is arranged 
on the address outputs. The module, Baprtia«, deals with the 
REQ/ACK protocol, the FULL/ EMPTY flags for the buffers and 
it maintains the state of each address, i.e., "is it a 
valid address?". From this information, it dictates to 

25 b.in.tr which (if any) address should be recalculated. It 
also operates the BUF_CSR (status) microprocessor register, 
showing FULL/ EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
buffer manager registers. 

30 The module, B«in«tr, on being told by b«prti*« to calculate 

ah address, issues six instructions (one every two cycles) 
to control b«r«calc to calculating an address. 

The module, B«r«c*ic, recalculates the addresses under the 
instruction of b«in«tr. Running an instruction every two 

35 cycles, it contains all of the initialization and dynamic 
registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sb«prtis« of FULL/ EMPTY 
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states it detects and when it has finished calculating an 
address . 

B.4^6 Block Implementation 
B.4.6.1 Bmprtize 

5 At reset, the buf^access microprocessor register is set 

to one to allow the setting up of the initialization 
registers. While buf_access reads back one, no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

10 Once buf^access is de-asserted (write zero to it) bmprtize 

goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
valid. At this stage, the Buffer Manager is "starting up" 
(i.e., all addresses have not yet been calculated), thus, 

15 no requests are asserted. * Once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged) it will be 
recalculated . 

20 No prioritizing between addresses will ever need to be 

performed, because the DRAM interface can, at its fastest, 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles. 
Therefore, only one address will ever be invalid at one 

25 time after start-up. Accordingly, bmprtize will recalculate 
any invalid address that is not currently being calculated. 

In the invention, start-up will be re-entered whenever 
buf_access is asserted and, therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 

30 accesses. 

B.4.6.2 Bminstr 

The module, Bminstr, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address) . Note 
that even cycles start an instruction, whereas odd cycles 

3 5 end an instruction. The top 3 bits along with whether it 
is a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 
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For read addresses: 



Cycle 


Operation 


BusA 


SusB 


Result 


result's s:^n 


0-1 


A00 ) READ | BASE 




I 




MOO 


Accum 


LIMIT 


Address 




ADD 


REAO 


T 


i i 


6*7 


MOO 


Accum 


LENGTH 


READ 




8-9 


SUS 


NUMBER 


*r 


NUMBER 




10-11 

< 
I 


MOO 


•a* 


Accum 




SET_EM?TY 
(NUMBER 0} 



Table B«4«l Read address calculation 

For write addresses: 



Cycfe 


Op«raoon 


BusA 


SusS 


Result 


Meaning of 
result's sign 


o., 


ADO 


NUMBER 


READ 


I i 


2*3 


MOO 


Accum 


LIMIT 


i 


4.5 


AOO 


Accum 


BASE 


1 1 


6-7 


MOO 


Accum 


UM1T 


Address 


8-9 


AOO 


NUMBER 


*r 


NUMBER j 


10-11 


MOO 


Accum - 


LENGTH 




SET_rULL 
(NUMBER 

! 

LENGTH) 



Table B.'4'.2 For write address calculations 
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Note: The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter idles at zero, thus causing an instruction that 
5 writes to none of the registers. This has no affect. 
B.4.6.3 Bmrecaic 

The nodule, Bmrecaic, performs one operation every two 
clock cycles'. It latches in the instruction from bminstr 
(and which buffer and io type) on an even counter cycle 
10 ( start_alu_cyc) , and latches the result of the operation on 
an odd counter cycle (end_alu_cyc) , The result of the 
operation is always stored in the "Accum" register in 
addition to any registers specified by the instruction* 
Also, on end_alu_cyc, bmrecaic informs bmprtize as to whether 
15 the use of the address just calculated will make the buffer 
full or empty, and when the address and full/empty has been 
successfully calculated (load_addr) . 

Full/empty are calculated using the sign bit of the 
operation ' s result . 
20 The modulus operation is not a true modulus, but A mod B 

is implemented as: 
( A>B? (A-B) : A) 

however this is only wrong when 

A> (2B-1) 
25T which will never occur. 

B.4.6.4 Bmsnoop 

The module, Bmsnoop, is composed of four eighteen bit 
super snoopers that monitor the addresses supplied to the 
DRAM interface. The snooper must be "super" (i-e*, can be 
30 accessed with the clocks running) to allow on chip testing 
of. the external DRAM . - These snoopers must work on a 
REQ/ACK system and are, therefore, different to any other 
on the device, 

REQ/ACK is used on this interface, as opposed to a two- 
35 wire protocol because it is essential to transmit 
information {i.e., acknowledges) back to the sender which 
an accept will not do) . Hence, this rigorously monitors 
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the FIFO pointers. 
Registers 

To gain microprocessor write access to the initialization 
registers, a one should be written to buf_access, and 
5 access will be given when buf^access reads back one. 
Conversely, to give up microprocessor write access, zero 
should be written to buf_access* Access will be given when 
buf_access reads back zero. Note that buf_access is reset 
to one. 

10 The dynamic and initialization registers of the present 

invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 

15 written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on-the-fly and to have the 
buffer manager use the new length when appropriate. 

No check is ever made to see that the values in the 

20 initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 




TablS B ' 4 ' 3 B -«e^anager non-*eyhole~7e^7s7 ers 



Where D indicates a reqist^r^ 

bit> registers bit and x shows no register 





Keyhole Register Name | ^ w , , 

j usage j Key hole Address 


CED.3UF„CB_SASE.3 


woocxxx 


0x00 


CE0_BUF_C8_8ASE_2 


xxxxxxDD 


0x01 


CE0.8UF.CB.8ASE_1 


DDOOOODD 


0x02 


CED_aUF_C8_BASE_0 


DOOODCOD 


0x03 


CE0.BUF.CB.LENGTH.3 


x xxxxxxx 


0x04 


CE0.3UF.C8.LENGTH_2 


xxxxxxOO 


0x05 


CcO_3UF.CB,LENGTH_1 


OOODOOOO 


0x06 j 




CED.3UF.C8.LENGTH.0 


DOOODOOD 


0x07 j 


j CcD.3UF_CB.READ_3 


xxxxxxxx 


0x08 j 


| 


CED.3UF_CB.READ.2 


xxxxxxDD 


0x09 




CEO.BUF.CB^READ.I 


QDDD3CDD 


0x0a | 


j CED_5Ur_CB_REA0j3 


ODOODODO 


0x0b j 


! CES_3UF_C3 - NUM8ER_3 


xxxxxxxx 


0x0c [ 



.4.4 Registers in buffer manag 
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Keyhole Register Name 


Usage 


Key *ote Address ! 


CED.SUF.C3.NUM8ER.2 


| xxxxxxOO 


OxOd | 


CED_8UF_C8_NUM8£fl_l 




OxOe I 


CED_BUF_C8jvlUM6ER_0 




OxOf j 


CED_SUFJT3_8ASc_3 


XXX XXX XX 


0x10 




CED_8UF_T3_8ASE.2 


xxxxxxOD 


0x11 




C£D_BUF_TB_3ASE.1 




0x12 




CED_3UF_T8_BASEJD 




0x13 




CE0_3UF_T3.LENGTH,3 


xxxxxxxx 


0x14 [ 


CED_3UF.T8_LENGTH_2 


■ xxxxxxOD 


0x15 j 


CED_8UF_T3_LENGTH_1 


ODDDCODD 


0x15 j 


C E D.8 U F_TB_l£NG 7H_0 


0DD3DDOD 


0x17 j 


CED_3UF_TB - REAO_3 


xxxxxxxx 


0x18 




C E D_3U F_TB_READ_2 


xxxxxxOD 


0x19 j 


CED.8UF_T3.REAO. 1 


DDCODCDD 


0x1a ) 


CED_BUF_TB_READJ) 


ODDDDDOD 


0x1b | 


CED_BUF_TS_NUM8ER_3 


xxxxxxxx 


0x1 c 




CcD_BUF_T3_NUMBER_2 


xxxxxxOD 


0x1d | 


CED,SUF_TB_NUMBER_1 


ODCDDDDD 


0x1 e | 


C E0_8U F_TB_NUMS ER.O 


DCODDDDD 


0x1 f I 


CEO.BUF.UMiT.3 


xxxxxxxx 


0x20 i 

i 


CED.8UF.LIMIT.2 


xxxxxxOD 


0x21 i 
i 


CED_8UFJJMIT_1 j 


DDC0DD00 


0x22 j 


CSO_BUFJJMIT_0 


0D0DDODD 


0x23 




CED.SUF.CSR 


xxxxOOOO | 


0x24 j 





Table B.4.4 Registers in buffer manager keyhole 

B.4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a dummy DRAM interface, and in C-code as part of the top 
level chip simulation. 




475 



Testing 

Test coverage to the bmaa is through the snoopers in 
bmsnoop, the dynamic registers (shown in B.4.4) and using the 
scan chain which is part of the DRAM interface scan chain. 
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SECTION B.5 Inverse Modeler 
B . 5 • 1 Introduction 

This document describes the purpose, actions and 
implementation of the Inverse Modeller (imodei) and the 
5 Token Formatter (hsppk) , in accordance with the present 
invention. 

Note: hsppk is a hierarchically part of the Huffman 
Decoder, but functionally part of the Inverse Modeller. It 
is, therefore, better discussed in this section. 

10 B.5.2 Overview 

The Token buffer, which is between the imodei and hsppk, 
can contain a great deal of data, all in off-chip DRAM. To 
ensure that efficient use is made of this memory, the data 
must be in a 16 bit format. The Formatter "packs'* the data 

15 from the Huffman Decoder into this format for the Token 
buffer. Subsequently, the Inverse Modeler "unpacks" data 
from the Token buffer format. 

However, the Inverse Modeller's main function is the 
expanding out of "run/ level" codes into a run of zero data 

20 followed by a level. Additionally, the Inverse Modeller 
ensures that DATA tokens have at least 64 coefficients and 
it provides a "gate" for stopping streams which have not 
met their start-up criteria. 
8.5.3 Interfaces 

2 5" B.5.3.1 Hsppk 

In the present invention, Hsppk has the Huffman Decoder 
as input and the Token buffer as output. Both interfaces 
are of the two-wire type, the input being a 17 bit token 
port, the output being 16 bit "packed data", plus a FLUSH 

30 signal. In addition, Hsppk is clocked from the Huffman 
clock generator and, thus,* connected to the Huffman scan 
chain . 

B.5.3.2 Imodei 

imodei has the Token buffer start-up output gate logic 
35 (bsogi) as inputs and the Inverse Quantizer as output. 
Input from the Token buffer is 16 bit "packed data", plus 
block__end signal, from the bsogi is one wirestream_enable . 
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Output is an 11 bit token port. All interfaces are 
controlled by the two-wire interface protocol. Imodel has 
its own clock generator and scan chain. 

Both blocks have microprocessor access only to the 
5 snoopers at their outputs. 
B.5.4 BlocX description 
B . 5 . 4 • 1 Hspp* 

Hsppk takes in the 17 bit data from the Huffman and 
outputs 16 bit data to the Token buffer. This is achieved 
10 by first, either truncating or splitting the input data 
into 12 bit words, and second by packing these words into 
a 16 bit format. 
B . 5 » 4 . 1 . 1 Splitting 

Hsppk receives 17 bit data from the Inverse Huffman. 
15 This data is formatted into 12 bits using the following 
formats . 

Where F = specifies format; E = extension bit; R = Run 
bit; L = length bit (in sign mag.) or non-DATA token bit; 
x = don't care. 
2 0 FLLLLLLLLLLLFormat 0 

ELLLLLLLLLLLFormat 0a 

FRRRRRRO 0 0 00 Format 1 

Normal tokens only occupy the bottom 12 bits, having the 
form: 

2 5 ExxxxxxLLLLLLLLLLL 

This is truncated to format Oa 
However, DATA tokens have a run and a level in each word in 
the form: 

ERRRRRRLLLLLLLLLLL . 

3 0 This is broken in to the formats: 

ERRRRRRLLLLLLLLLLL- >FRRRRRR0 0 000 Forma t 1 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format 0 is used: 
E 0 0 0 0 0 0 LLLLLLLLLLL-> FLLLLLLLLLLLFormat 0 
3 5 It can be seen that in the format 0,the extension bit is 

lost and assumed to be one. Therefore, it cannot be used 
where the extension is zero. In this case, format l is 
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unconditionally used. 
B. 5. 4* 1+2 Packing 

After splitting, all data words are 12 bits wide* Every 
four 12 bit words are "packed" into three 16 bit words: 



input words 


Output words 


QO00QQ0000CQ 


0O0GO0OO0CCC1I11 


111111111x11 


1111111122222222 




2222333333331333 


333333333333 





5 Table B.5,1 Packing method 

B. 5. 4. 1.3 Flushing of the buffer 

The DRAM interface of the present invention collects a 
block, 32 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 

10 DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, + Hsppk signals the DRAM interface to 
write it current partially complete block unconditionally, 
B. 5. 4. 2.1 lamp (UnPacker) 

15 Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 
bit words. 



Input words • 


Output words 


O0CC0C00C00Q1111 


000000000000 


1111111122222222 


muuiiui 


2222333333333333 


222222222222 




333333333333 



Table B.5,2 Unpacking method 
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5) Maintaining correct data during flushing of the 
Token buffer. * * 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
5 remains in the block. The imup must delete rubbish data, 
i.e., delete all data from a FLUSH token, until the end of 
a block* 

6) Holding back data until Start-up Criteria are met. 

Output of data from the block is conditional that a 
10 "valid" (stream_enable) is accepted from the Buffer Start- 
up for each different stream. Consequently, twelve bit 
data is output to hsppk. 
B. 5. 4.2.2 imex (Expander) 

In the invention, imex expands out all run length codes 
15 into runs of zeros followed by a level. 
B.5.4.2.3 Impad (PADder) 

impad ensures that all DATA Token bodies contain 64 (or 
more} words. It does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
2 0 over 64 words in the body. 
B«5,5 Block implementation 
B.5.5.1 Hsppk 

Typically, both the Splitting and packing is done in a 
single cycle. 

2 5 B . 5 . 5 . 1 . 1 Splitting 

First, the format must be determined 
IF (datatoken) 

IF (lastformat — 1) use format 0a; 
ELSE IF (run — 0} use format 0; 

3 0 ELSE use format 1 ; 

ELSE use format Oa; 
and format bit determined 
format 0 format bit =0; 
format 0a format bit = extension bit; 
3 5 format 1 format bit = 1; 

If format 1 is used, no new data should be accepted in 
the next cycle because the level of the code has yet to be 
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output . 

b.S.5.1»2 Packing 

The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
5 last valid word, which is held, and the succeeding word. 
If this is not valid, then the output is not valid. The 
procedure is: 





Heid Word 


Succeeding Word 


Packed Word 




valid cycle 0 




000000000000 


XXXXXXXXXXXX30CXX 


don't cutcut ; 


valid cycle t 


0000QQ0Q000O 


minium 


oooooooooooci::: 


output i 


valid cycle 2 


llillllllllll 


222222222222 


11IU1U22222222 


output 


vaiid cycte 3 


222222222222 


333333333333 


2222333333333333 


output 



Table B.5.3 Packing procedure 

Where x indicates undefined bits, 
10 During valid cycle 0, no word is output because it is not 

valid . 

The valid cycle number is maintained by a ring counter. 
It is incremented by valid data from the splitter and an 
accepted output. 

15 When a FLUSH (or picture_end) token is received and the 

token itself is ready to output, a flush signal is also 
output to the DRAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3, 
the flush signal must be delayed a valid cycle to ensure 

20 the token itself it output. 
B*. 5.5.2 Imodel 
B5.5.2.1 m m? fUnpacker) 

As with the packer, the last valid input is stored, and 
combined with the next input, allows unpacking. 
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Succeeding word 



Held Word 



Unpacked Were 



valicj cycle 0 | OOOCCOCrSGOOlli: xxxwxxxxxxxxxxx | 0000000003C3 j incut 



vand cycte 1 



11111:1122222222 ooccoooooooomi 



mil: 



j val»dcyc!e2 j 2222333:0 3 3 33 3 3 3 111:111122222222 222222222222 j Contircw 



valtd cycte 3 



2222333333333333 1111111122222222 3333333 33 33 3 tnoul 



Table B.5.4 Unpacking procedure 

Where x indicates undefined bits 

The valid cycle is maintained by a ring counter. The 
unpacked data contains the token's data, flush and 
5 PICTURE_END decoded from it* Additionally, format and 
extension bit are decoded from the unpacked data, 
f ormatbit_is_extn = (lastformat == 1) 11 databody 
format = databody (formatbit && lastf ormatbit ) 
for token decoding and to be passed on to imex. 
10 When a FLUSH (or picture_end) token is unpacked and 

output to imex, all data is deleted (Valid forced low) 
until the block end signal is received from the DRAM 
interface . 

B.5»5.2»2 laex (EXpander) 

15 In accordance with the present invention, imex is a four 

state machine to expand run/ level codes out. The state 
nachine is: 

■-stateO: load run count from run code, 
state 1: decrement run count, outputting zeros. 
20 -state 2: input data and output levels; default state, 

•state 3: illegal state. 
B.5.5,2.3 Imoad (PADder) 

impad is informed of DATA Token headers by iaex. Next, it 
counts the number of coefficients in the body of the token. 
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If the token ends before there are 64 coefficients, zero 
coefficients are inserted at the end of the token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them. 
5 DATA tokens with 64 or more coefficients are not affected 
by impact. 
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B.5.6 Registers 

The imodei and hsppk of the present invention do not have 
microprocessor registers, with the exception of their 
snooper . 



Register Name 


Usage 


Address 


CEQ_H_SNP - .2 


VAjooococ 


0x49 


CEDJ-LSNPJ 


DDDDDDDO 


0x4a 


CED.H.SNP.O 


DDDDDDDO 


0x4b 


CEDJf*LSNP_1 


VAExxDDO 


0x4a 


CSDJM.SNPJ) 


DDDDDDDO 


Qx4<j 



5 Table B*5*5 Imodei & hsppfc registers 

Where V = valid bit; A = accept bit; E = extension bit; 
D = data bit. 
B . 5 . 7 Verification 

Selected streams run through Lsim simulations, 
10 B.5,8 Testing 

Test coverage to the imodei at the input is through the 
Token buffer output snooper, and at the output through the 
imodei 's own snooper. Logic is covered the imodei 's own scan 
chain. 

15 The output of the bsppk is accessible through the huffman 

output snooper. The logic is visible through the huffman 
scan chain- 
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SECTION B.6 Buffer Start-up 

B« < • 1 Introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
5 invention. 

B. 6.2 Overview 

To ensure that a stream of pictures can be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start.. This is called the 

10 start-up condition . The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the "Buffer Start-up M to ensure that every stream fulfills 
its start-up condition before its data progresses from the 

15 token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e., in the Inverse Modeler). This gate 
will only be open for the stream once its start-up 
condition has been met. 

20 B.6.3 Interfaces 

B«catbit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to bsogl (Buffer Start-up Output Gate Logic) . 

2 5 B»ogl via a two-wire interface controls imup (Inverse Modeler 

UnPacker) , which implements the output gate. 
B.6.4 Block Structure 

As shown in Figure 13 0, B«cotbit lies in the datapath 
between the Start Code Detector and the coded data buffer. 
30 This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, b«ogi is informed. 
Data is unaffected by b»cntbit. 

3 5 Bsogi lies between b«cntbit and imup (in the inverse 

modeler) . In effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 
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by streams leaving the buffers (i.e., FLUSH tokens received 
in the data stream at imup) , when another "indicator" is 
accepted by imup. If the queue is empty (i.e., there are no 
streams in the buffers which have yet met their start-up 
5 target) the stream in iamp is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in bsogi and 
allowing the microprocessor to monitor the queue. These 
queue mechanisms are referred to as internal and external 
10 queues respectively. 

B.6.5 Block Implementation 

B.6.5.1 Bsbitcnt (Buffer Start-up bit counter) 

Bscntbit counts all the valid words that are input into 
the buffer start-up. The counter (b»ctr) is a programmable 

15 counter of 16-24 bits width* Moreover, bsctr has carry look 
ahead circuitry to give it sufficient speed. Bsetr's width 
is programmed by ced_bs_prescale . It does this by forcing 
bits 8-16 high, which makes them always pass a carry. They 
are, therefore, effectively not used. Only the top eight 

2 0 bits of bsctr are used for comparisons with the target 
(ced_bs__target) . 

The comparison (ced_bs_count >=ced_bs_target) is done by 

bscmp . 

The target is derived "from the stream when the stream is 
2 5 in the Huffman Decoder and calculated by the 
microprocessor. It will, therefore, only be set sometime 
after the start of the stream. Before start-up, the 
target_valid is set low. Writing to ced__bs_target sets 
target___valid high and allows comparisons in bscmp to take 
30 place. When the comparison shows ced_bs__count > = 

ced_bs_target , target_valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. In addition, counting is 
35 disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a streatn * ends (i.e., a flush) is detected in 
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bsbitcnt, an abs_f lush_event is generated. If the stream 
ends before the target is met, an additional event is also 
generated { bs_f lush_bef ore_target_met_event ) . When any of 
these events occur, the block is stalled. This allows the 
5 user to recommence the search for the next stream's target 
or in the case of a bs_f lush_bef ore_target_met_event event 
either : 

1) write a target of zero which will force a target_met 
or 

10 2) note that target was not met and allow the next 

stream to proceed until this combined with the last 
stream reaches the target. The target for this next 
stream can should adjusted accordingly. 
B.6.5.2 BSOGL (buffer start-up output gate logic) 
15 As previously described, Bsogi is a queue of indicators 

that a stream has met its target. The queue type is set by 
ced_bs__queue (internal(O) or externa 1 ( 1 )} . This is a reset 
to select an internal queue. The depth of the queue 
determines the maximum number of satisfied streams that can 
20 be in the coded data buffer, Huffman, and token buffer. 
When this number is reached (i.e. the queue is full) bsogl 
will force the datapath to stall at bsbitcnt. 

Using an internal queue requires no action from the 
microprocessor. However, if it is necessary to increase 

2 5 the depth of the queue, an external queue can be set (by 

setting ced^bs^access to gain access to ced__bs_queue which 
should be set, target_met_event and stream__end_event 
enabled and access relinquished) . 

The external queue (a count maintained by the 
30 microprocessor) is inserted into the internal queue. The 
external queue is. maintained by two events. 
target_met_event and stream_end_event . These can simply be 
referred to as service_queue_input and service_queue_output 
respectively] and a register ced_bs_enable_nxt_stream. In 

3 5 effect, target_met_event is the up stream end of the 

internal queue supplying the queue. Similarly, 
ced bs enable nxt stream is the down stream end of the 
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internal queue consuming the queue. Similarly, 
stream_end_event is a request to supply the down stream 
queue ; stream_end_event resets ced_bs__enable_nxt_stream . 
The two events should be serviced as follows: 

/* T ET_MET_ EVENT */ 
j = micro_read (CXD_3S_ENA3LE_raT_STM} ; 
if {j == 0) /*Is next stream enabled ?*/ 
(/"no, enable it*/ 

printfC* enable next stream (queue = 0x%x) \n" . (::r.:5x-->^2-e.- 

} 

else /*yes, increment the queue of *targec_met* s:rear.s # / 

{ 

queue**; 

printft* stream already enabled (queue = 0x%x) \n' . : :c-:ex: - 
>queue) } ; 

) 

/* STREAM,. EVENT */ 

if (queue > 0) /*are there any - target_mets • left? */ 
{/*yes. decrement che queue and enable another stream •/ 
queue — ; 

micro_write (CED_BS_ENABL£_NXT_STM. 1 ) ; 

printfC enable next scream (queue = 0x%xl\n - , { ccr*text->queue. . 
) 

else 

printfC queue empty carrot enable next stream (queue = Cx%x) \r.' . 
q^ieuel ; 

••=i«3.wri C e(CS0.EVSNT.l # I « 3S_STRSAM_S*D_r/K7> ; /• clear ever.-, 
V 
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The queue type can be changed from internal to external 
at any time (by the means described above) , but they can 
only be changed external to internal when the external 
queue is empty (from above "queue— 0"), by setting 
5 ced_bs_access to gain access to ced_bs_queue which should 
be reset, target_met__event and stream_end_event masked , and 
access relinquished- 

On the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
10 target_met__event and stream_end_event and set 
ced_bs_enable_nxt_stream. In this way, all streams will 
always be enabled. 
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•6.6 Microprocessor registers 



J Register name 


Usage 


Accress 1 


| CE0.BS.ACCE5S | xxxxxxx0 


0x10 




CED_3S_PRESCALE' 


xxxxxOOO 


Oxl t 




CSD_3S_TARG5T' 


OODOOODD 


0x12 




CED_BS_COUNT' 


ODDDDDOD 


0x13 


i 
i 


SS.FLUSH.SVENT 




0x02 


3S_FLUSH_MASK 


rrrrrOrr 


0x03 


BS_FLUSH_3SFORE_TARG£T_Mg 
T_EVENT 


rrrrOrrr 


0x02 


aS.FLUSH_BEFORS_TARGET.M5 
T_MASK 


rrrrOrrr 


0x03 

i 



Table B.6.1 Bscntbit registers 





Register name 




| Usage 




Address 




TARGET_M£T_ EVENT 


rrrOrrrr 


0x02 




TARGET_MET_MASK 


rrrorrrr 


0x03 


1 


STREAM.ENO.EVENT 




rrOrrrrr 




0x02 




STR£AM_ENO_MASK 


! 


rrOrrrrr 




0x03 


Table B.6.2 Bsogi registers 


Register name 


Usage 


Address 




CED_3S_QUEUE* 




xxxxxxxO 




0x14 


CEO.BS_ENABLE_NXT.STM- 


XXXXXXJCO 


0xt5 



Tabi_3.6.2 Bs ogiregisters 
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where 

' D is a register bit 

x is a non-existent register bit 
• r is a reserved register bit 

• to gain access to these registers ced_bs_access must be 
set to one and polled until it reads" baoTone, unless in an 
interrupt service routine. Access is given up by setting 
ced_bs_access" to zero. 
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SECTION B.7 The DRAM Interface 
B.7*l Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM interface 
5 block for that particular chip. In- all three devices, the 
function of the DRAM interface is to transfer data from the 
, chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator. 

10 The DRAM interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM . A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

25 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 

30 DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 

35 Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance (Y) and the Red and 
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Blue color difference data (Cr and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
5 is essentially the same as the operation of the Spatial 
Decoder DRAM Interface. This is illustrated in Figure 131, 
"DRAM Interface, "'. 
B.7.2 A Generic DRAM Interface 

Referring to Figure 131, the interfaces to the address 

10 generator 42 0 and to the blocks which supply and take the 
data are all two wire interfaces. The address generator 
420 may either generate addresses as the result of 
receiving control tokens, or it may merely generate a fixed 
sequence of addresses. The DRAM interface 421 treats the 

15 two wire interfaces associated with the address generator 
in a special way. Instead of keeping the accept line high 
when it is ready to receive an address, it waits for the 
address generator to supply a valid address, processes that 
address and then sets the accept line high for one clock 

20 period. Thus, it implements a request/acknowledge 

(REQ/ACK) protocol . 

A unique feature of the DRAM Interface is its ability to 
communicate with the address generator and the blocks which 
provide or accept the data completely independent of the 

2 5 other. For example, the address generator may generate an 

address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 422. However, no action is 

3 0 taken until an address is supplied on the appropriate bus 

from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 
35 wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 
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properly configured system the DRAM Interface will be able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 
5 Each DRAM Interface contains a method of determining 

which swing buffer it will service next- In general, this 
will be either a "round robin" , in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 

10 which some swing buffers have a higher priority than 
others. In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 

15 via the microprocessor interface. 
B .7.2.1 The Swing Buffers 

Figure 13 2 illustrates a write swing buffer. The 
operation is as follows; 

1) Valid data is presented at the input 430 (data in) . As 
20 each piece of data is accepted it is written into RAMI 

and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 

2 5 between two asynchronous clock regimes, and so passes 

through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2 , which is still empty. 

4) When the round robin or priority encoder indicates 

3 0 that it is the turn of this swing buffer to be read, 

the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2), to indicate that RAMI is now ready to be filled 
35 again. 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 
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be accepted by the swing buffer continually, otherwise 
when RAM2 is filled the swing buffer will set its 
accept signal low until RAMI has been "swung" back for 
use by the input side. 
5 6)This process is repeated ad infinitum. 

The operation of a read swing buffer is similar, but 
with input and output data busses reversed. 
B.7.2.2 Addressing of External DRAM and Swing Buffers 
The DRAM Interface is designed to maximize the available 
10 memory bandwidth. Consequently, it is arranged so that 
each 3x3 block of data is stored in the same DRAM page. In 
this way full use can be made of DRAM fast page access 
modes, where one row address is supplied followed by many 
column addresses. In addition, a facility is provided to 
15 allow the data bus to the external DRAM to be 8, 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the size and bandwidth requirements of the particular 
application . 

In this example (which is exactly how the DRAM Interface 

20 on the Spatial Decoder works) , the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers. This address is used 
as the row address for the DRAM. The six bits of column 
address are supplied by the DRAM Interface itself, and 

25. these bits are also used as the address for the swing 
buffer RAM, The data bus to the swing buffers is 32 bits 
wide, so if the bus width to the external DRAM is less than 
32 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 

3 0 the next word is written to a read swing buffer (read and 
write refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 

35 covered separately below. 

B.7.3 dram Interface Timing 

.In the present invention, the DRAM Interface Timing block 
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uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of the system clock period. 
Two quadrature clocks from the phase locked loop are used. 
These are combined to form a notional 2x clock. Any one 
5 chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain for the page start cycle 
and another for the read/write/refresh cycles* The length 
of each cycle is programmable via the microprocessor 

10 interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 

15 state information from the DRAM Interface, The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM. Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

20 Further, timing chains combine the pulse from the above 

chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 
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SECTION B.8 Inverse Quantizer 
B , 8 . 1 Introduction 

This document describes the purpose, actions and 
implementation of the inverse quantizer, (iq) in accordance 
5 with the present invention. 
B.8. 2 Overview 

The inverse quantizer reconstructs coefficients from 
quantized coefficients, quantization weights and step 
sizes, all of which are transmitted within the datastream. 
10 3 Interfaces 

The xq lies between the inverse modeler and the inverse 
DCT in the datapath and is connected to a microprocessor. 
Datapath connections are via two-wire interfaces. Input 
data is 10 bits wide, output is 11 bits wide. 
15 B.8. 4 Mathematics of Inverse Quantization 
B.8. 4.1 H2 61 Equations 

For blocks coded in intra mode: 



C ; = icuquant^scale [2Q k + sign (Q t ) ] 
C ( . ^ C ; -jt>n^C ( .j C * even 
C. * C* C. = odd 
C. a mi/i(m&r(Cp-2048),2047) 



0 < t < 64 



For all other coded blocks: 



C ; » icuquant_scata {2Q i + sign (Q.) ] 
C. » Cj~ii*«(c.) C ; » even 
C. * C] C] « odd 

C ; - mM(max(C ( -.-2048)^047) 



0 S i < S4 
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B.8.4,2 JPEG Equations 



c i * KjQi 0</<S4 
J - ipegjabiejndirectron (c) 



8.8.4.3 MPEG Equations 

For blocks coded in intra mode: 



C. = C { . -Jtjn(^C.] C ; » even 
C. = C. C = odd 

C ; = m</?(m<rc(C..-2048).2047) 



0 < c < 64 
/ * 0. 2 



1 024 is added in intra DC case to account for predictors in huffman being reset to zero. 
For all other coded blocks : 



C. » C f .-j*>/j(c t . j Cj » «ven 



C. - c C = odd 

C ; = m/n<««(cJ.-2046)J2047) 

B. 8.4.4 JPEG Variation Equations 



0 < t < 64 
/ » 1,3 



/'2tq - <?yanLsca{«W. 
Cj « floo\ rz ^-'J* 1024 f - s o 



f 2iq_t}uant_sca*eVr ; .Q,\ 
C. » ^ J o < ; < 

C- * mfn(mcjr(C.-2048)J2047) 
y * jpegjabfejndirtction(c) 



64 
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B.8.4.5 All other tokens 

All tokens except. DATA Tokens must pass through the iq 
unquant ized 
Where : 



sign (a) * 

max {a, b) 
min (s, b) 



-1 
0 
t 

«; 



a < 0 
a = 0 
a > 0 
a > b 
aSb 
aSb 
a>b 



Floor(a) returns an integer such that: 

(41-1) < floor (a) 5 a 
a£ ftoor(a) < (a + 1 } 

Qi are the quantized coefficients. 



a >0 
a$0 



Cj are the reconstructed coefficients 

Wjj are the values in the quantisation table matrices 

i is the coefficient index afong the zig-zag 

j is the quantisation tabfe matrix number (0 « j <=3) 

B.8.4.6 Multiple Standards combined 

It can be shown that all the above standards and their variations (also control cfata which 
must be unchanged by the iq) can be mapped on to single equation: 

16 

With the additional post inverse quantisation functions of : 
♦Add 1024 

•Convert from sign magnitude to 2*s complement representation. 
♦Round all even numbers to the nearest odd number towards zero. 
•Saturate result to +2047 or -2048. 

The variables k, x and y for each variation of the standards and which functions they use :s 
shown in Table B.8.1 . 
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B.S.4.C Multiple standards combined 



Standard 


X 


y 


k 


Add - 


Round 


Sat 


Convert 






W«ignt 


Scale 




1024 


Even 


Pes't 


2'S C = r- 0 j 


H261 


intra OC 


8 


8 


0 


No 


| No 


| Y« 


Yes j 




intra 


16 


iq_quant_scaie 


1 


No 




| Yes 


Yes | 




otner 


15 


iq_quant_scale 


1 


No 


[ Yes 


Yes 


Yes i 

r 


JPEG 


DC 


W i 


8 


0 


Yes 


No 


Yes 


Yes j 




other 


w., 


8 


0 


NO 


NO 


Yes 


Yes 


MPEG 


mtraDC 


8 


8 


0 


Yes 


NO 


Yes 


Yes j 




intra 


w i 


tQ_quant_scate 


0 


No 


No 


Yes 


Yes j 




otner 


w l 


iq_quant_scale 


1 


No 


Yes 


Yes 


Yes [ 


XXX 


CC 


w i 


ia__quam_scale 


0 


Yes 


No j 


Yes 


Yes 




otner 


w i 


iq.quant^scaie 


0 


No 


No | 


Yes 


Yes 


Otner Tokens 


1 


8 


0 


No 


No 


No 


No 



Table B.8.1 Control decoding 



B.8.5 Block Structure 

From B-8.4.6 and Table B.8.1, it can be seen that a 
5 single architecture can be used for a multi-standard 
inverse quantizer. Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 
10 ? Decoding of tokens to load status registers or 

quantization tables. 

•Decoding of the status registers into control 
signals . 

Tokens are decoded in iqc* which controls the next cycle, 
15 i.e., iqeb's bank of registers. It also controls the access 
to the four quantization tables in igra». The arithmetic, 
that is, two multipliers and the post functions, are in 
iqarith. The complete block diagram for the iq is shown in 
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Figure 134 • 

B.8.6 Block Implementation 
B.8.6.1 Iqca 

In the invention, iqc* is a state machine used to decode 
5 tokens into control signals for igru and the register in 
iqcb. The state machine is better described as a state 
machine for each token since it is reset by each new token. 
For example: 

The code for the QUANT_SCALE (see B*8.7.4, " QUANT_S C ALE w ) 
10 and QUANTJTABLE (see B.8.7.6, H QUANTJTABLE ") are as 
follows: 

if (tokenheader « QUANT_ SCALE) 

( 

sprint* (preport, " QUANT_SCAL£ * } ; 
reg_addr * ADDR_IQ„QUANT_SCALE; 
nocw m WRITE; 
enable » 1; 

} 

if (tokenheader *« QUANTJTABLE) / *QUANT_TA3LE rsken V 
switch (substate) 

{ 

case 0: /* quantisation table header */ 
sprintf (preport, •QUANT_TABL£_%s_sO * , 

( header ex tn ? • (full) • : • (empty) ")) ; 
nextsubstate « 1; 

insertnext » (headerextn ? 0 : 1); 
reg.addr - ADDR_IQ_C0MPONENT; 
motw ■ WRITE; 
enable » 1; 
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brea*,. 

Case /' quancisa tion caile ^ ^ 

^erex ta? . {full) . , .^^.^ 
nexcsubscace « i ; 

ia*«rta«xt - <h«ader« Cn ? 0 . form ^ 
reg_addr - USE_QTM; 

enable » i ; 
break; 
default; 

sprint£(p reE >ort, -EMor . 
substate) ; 



break; 
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Where a substate is a state within a token, QUANT_SCALE 
has, for example, only one substate. However, the 
QUANT_TABLE has two, one being the header, the second the 
token body. 

5 The state machine is implemented as a PLA. Unrecognized 

tokens cause no wordline to rise and the PLA to output 
default (harmless) controls. 

Additionally, iqca supplies addresses to igram from 
BodyWord counter and inserts words into the stream, for 
10 example in an unextended QUANTJTABLE (see B.8.7.4). This 
is achieved by stalling the input while maintaining the 
output valid. The words can be filled with the correct 
data in succeeding blocks (iqcb or iqarith) . 

iqca is a single cycle in the datapath controlled by two- 
15 wire interfaces. 
B.8.6.2 iqcb 

In the invention, iqcb holds the iq status registers. 
Under the control of iqca it loads or unloads these from/to 
the datapath. 

20 The status registers are decoded (see Table B.8.1) into 

control wires for iqarith; to control the XY multiplier terms 
and the post quantization functions. 

The sign bit of the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 

2 5 words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the iq. 

The status registers are accessible from the 
30 microprocessor only when the register iq_access has been 
set to one and reads back one. In this situation, iqcb has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb is a single cycle in the datapath controlled by two 
35 wire interfaces. 
B.8.6.3 Iqram 
* iqram must hold up to four quantization table matrices 
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(QTM), each 64*8 bits* It is, therefore, a 256*8 bits six 
transistor RAM, capable of one read or one write per cycle. 
The RAM is enclosed by two-wire interface logic receiving 
its control and write data from iqc*. It reads out data to 
5 iqarith* Similarly, igraa occupies the same cycle in the 
datapath as iqcb. 

The RAM may be read and written from the microprocessor 
when iq_access reads back one* The RAM is placed behind a 
keyhole register, iq_qtm_keyhole and addressed by 

10 iq_ qtm_keyhole_addr. Accessing iq_qtm_keyhole will cause 
the address to which it points, held in iq_qtm_keyhole_addr 
to be incremented* Likewise, iq_qtm_keyhole_addr can be 
written to directly. 
B.8.6.4 iqarith 

15 Note, iqarith is three functions pipelined and split over 

three cycles. The functions are discussed below (see 
Figure 133) . 

B. 8 ,6,4.1 XY multiplier 

This is a 5(X) by 8(Y) bit carry save unsigned multiplier 
20 feeding on to the datapath multiplier. The multiplier and 
multiplicand are selected with control wires from iqcb. The 
multiplication is in the first cycle, the resolving adder 
in the second* 

At the input to the multiplier, data from iqrara can be 

2 5 muxed onto the datapath to read a QUANTJTABLE out onto the 

datapath* 

B.8.6.4, 2 (XY) * datapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 

3 0 Three partial products in the first cycle, seven in the 

second and the remaining two in the third. 

Since all output from the multiplier is less than 2047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 
35 the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 
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B. 8 +6.4. 3 Post quantization functions 

The post quantization functions' are 
-Add 1024 

•Convert from sign magnitude to 2's complement 
5 representation. 

•Round all even numbers to the nearest odd number 
towards 2ero. 

•Saturate result to +2047 or -2048. 
-Set output to zero (see B.3.6.2) 
10 The first three functions are implemented on a 12 bit 

adder (pipelined over the second and third cycles) . From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 



Function 


if dataoam > 0 


tf dataoatn > 0 


Ccnven: to 2*s complement 


notntng 


invert aad one 


Round alt even num&ers 


suotract one 


add one ! 



Function 


- tf datapatn > 0 


if caiaca:n > 0 : 


Add 1024 


add 1024 


add tG24 j 



Table B.8,2 Post quantization adder functions 

15 As will be appreciated by one of ordinary skill in the 

art, care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
2 0 B.8.7 Inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 
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Inverse Quantizer. In most cases, the Token is unmodified 
by the Inverse Quantizer with the exceptions as noted 
below. All unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 
5 B . 8 . 7 . 1 SEQUENCE_START 

This Token causes the registers Ig_prediction 
mode[l:0] and iq_mpeg_indirection[ 1 : 0 ] to be reset to zero. 
B . 8 . 7 . 2 CODING_STANDARD 

This Token causes iq_standard [ 1 : 0 ] to be loaded with the 
10 appropriate value based upon the current standard (MPEG, 
JPEG or H.261) being decoded. 
B • 8 • 7 • 3 PREDICTION_MODE 

This Token loads iq-predict ion_mode ( 1 : 0 ] » Although the 
PREDICTIOM_MODE Token carries more than two bits, the 
15 Inverse Quantizer only needs access to the two lowest order 
bits. These determine whether or not the block is intra 
coded . 

B . 8 . 7 . 4 QUANT_SCALE 

This Token loads iq_quant_scale( 4 : 0 ] . 

2 0 B • 8 . 7 . 5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits identifying the color component and these are loaded 
into iq_component ( 1 : 0 ] . The next sixty four Token words 
25 " contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the Inverse Quantizer is 
30 undefined. 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 

3 5 is correctly interpreted as zero. 

The DATA Token at the output of the Inverse Quantizer 
carries reconstructed coefficients. These are represented 
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in twelve bits in a twos complement format (eleven bits 
plus a sign bit) . The DATA Token at the output will have 
the same number of Token Extension words as it had at the 
input of the Inverse Quantizer. 

5 B . 8 • 7 . 6 QUAKT_TABLE 

This Token may be used to load a new quantization table 
or to read* out an existing table* Typically, in the 
Inverse Quantizer, the Token will be used to load a new 
table which has been decoded from the bit stream. The 

10 action of reading out an existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

The Token Head contains two bits identifying the table 
number that is to be used. These are placed in 

15 iq_component[l:0] . Note that this register now contains a 
n table number" not a color component. 

If the extension bit of the Token Head is one, the 
Inverse Quantizer expects there to be exactly sixty four 
extension Token Words. Each one is interpreted as a 

20 quantization table value and placed in a successive 
location of the appropriate table, starting at location 
zero. The ninth bit of each extension Token word is 
ignored. The Token is also passed to the output of the 
Inverse Quantizer, unmodified, in the normal way* 

25 If the extension bit of the Token Head is zero, then the 

Inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
becomes an extension Token word (the ninth bit will be 
zero) . At the end of this operation, the Token will 

30 contain exactly sixty four extension Token words. 

The operation of the Inverse Quantizer in response to 
this token is undefined for all numbers of extension words 
except zero and sixty four. 
B . 8 . 7 . 7 JPEGJTABLE^SELECT 

35 This token is used to load or unload translations of 

color components to table numbers to/from 
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iq_ipeg_indirectioru These translations are used in JPEG 
and other standards. 

The Token Head contains two bits identifying the color 
component that is currently of interest. These are placed 
5 in iq_component ( 1 : 0 ] . 

If the extension bit of the Token Head is one, the Token 
should contain one extension word, the lowest two bits of 
which are written into the 
iq_ipeg_indirectionf 2*iq__component [ 1 : 0 ] +1 : 2*iq_component 
10 [1:0]] location. The value just read becomes a Token 
extension word (the upper seven bits will be zero) . At the 
end of this operation, the Token will contain exactly one 
Token extension word. 



Colour component m reacer 


bits of iq__'?e^_TG;rec:.3 




• 


(1:0) 




t 


[3:2] 




15.<I 




3 


[7.51 



Table B.8*3 JPEG_TABLE_SELECT action 
15 B-8-7.8 MPEG_TABLE_SELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard. The Token Head contains two bits. Bit 
zero of the header determines which bit if 

20 iq_mpeg_indirection is written into. Bit one is written 
into that location. 

Since the iq_mpeg_indirection [ 1 : 0 ] register is cleared by 
the SEQUENCE_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 

2 5 transmitted in the bit stream. 
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B.8.8 Microprocessor Registers 
B.8.8. 1 iq_access 

To gain microprocessor access to any of the iq registers, 
iq^access must be set to one and polled until it reads back 
5 one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and, therefore, not being stable. In the case of the igram, 
the accesses are locked out, reading back zeros. 

Writing zero to iq_access relinquishes control back to 
10 the datapath. 

B* 8 • 8 . 2 Iq_coding_standard[l: 0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 



iq_coding_standard 


Coding Standard j 


0 


H.2S1 j 


1 


JPSG 


2 


MPEG | 


3 


XXX I 



Table B.8.4 Coding standard values 

15 This register is loaded by the CODING_STANDARD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory map and future 
implementations can deal with more than the above 
standards. 
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B • 8 . 8 • 3 Iq_mpeg__indirection[ l : 0 J 

This two bit register is used during MPEG decoding 
operations to maintain a record of which quantization 
tables are to be used. 
5 rq_mpeg_indirection(0] controls the table that is used 

for intra coded blocks. If it is zero then quantization 
table 0 is used and is expected to contain the default 
quantization table. If it is one, then quantization table 
2 is used and is expected to contain the user defined 
10 quantization table for intra coded blocks. 

This register is loaded by the MPEG_TABLE_SELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
B. 8 • 8 . 4 lq_ipeg_indirection[7 : 03 

This eight bit register determines which of the four 
15 quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan* 

-Sits [1:01 hold the table number that will be used for component zero. 
*5its {3.2j hold the table number that will be used for component one. 
♦Bits (5.41 hold the table number that will be used for component two. 
♦Sits [7.6j hold the table number that will be used for component three. 

This register is affected by the JPEGJTABLE_S ELECT Token. 
B * 8 • 8 • 5 iq_quant_scale [4,0] 

This register holds the current value of the quantization 
2 0 scale factor. This register is loaded by the QUANT_SCALE 
Token. 

B . 8 , 8 * 6 iq_component [1:0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix (QTM) number. It is 
2 5 loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
30 reference to iq__ipeg_indirection( 7 ; 0 ] . In other standards, 
iq_component ( 1 : 0 ] is ignored. 
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The JPEG_TA8LE_SELECT Token causes this register be 
loaded with a color component. It is then used as an index 
into iq_ipeg_indirection [ 7 : 0 ] which is accessed by the 
tokens body. 

5 The QUANT_SCALE Token causes this register to be loaded 

with the QTM number* This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B . 8 „ 8 • 7 iq_prediction_mode [1:0] 

10 This two bit register holds the prediction mode that will 

be used for subsequent blocks. The only use that the 
Inverse Quantizer makes of this information is to decide 
whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 

15 coded. 

This register is loaded by the PREDICT I ON_MODE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

Iq_predict ion_mode [ 1 : 0 ] has no effect on the operation in 
JPEG and JPEG variation modes. 

2 0 B* 8 . 8 • 8 Iq_ipeg_indirection[7 : 0 ] 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirection as shown in Table B.8.3. 
25 This register location is written to directly by the 

JPEG_TABLE_SELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG_TABLE__SELECT Token if the non-extended form of the 
30 Token is used. 

B.8.8.9 lq_quant_table[3 : 0] [63:0] [7:0] 

There are four quantization tables, each with 64 
locations. Each location is an eight bit value. The value 
zero should not be used in any location. 

3 5 These registers are implemented as a RAM described in 

B.8.6.3, "Igram". 

These tables may be loaded using the QUANT — TABLE 
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Token . 

Note that data in these tables are stored in zig-zag scan 
order. Many documents represent quantization table values 
as a square eight by eight array of numbers. Usually, the 
5 DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive "i" . 
10 B.8.9 Microprocessor Register Map 



Register 


Location J 


Direction 


Reset State 


tq_access 


0x30 


RAV 


0 


iq_codingLStandarclt A) 


0X31 


R/W 


0 


iq„quani - scaie(4:0] 


0X32 


RAV 


7 


iq_componentU :01 


0*33 


RAV 


7 


J , q ta _predicoon - mode(t;01 


0x34 


RAV 


0 


1 iqjpeg indirection[7:01 


0x35 


RAV 


7 


iq^mpeg Jndirect:on( 1 :0] 


0X36 


RAV 


!° 


icuctmj<eynote_addrf7:0j 


0X38 


RAV 


0 


tq - qtm - key*oief7:0] 


0x39 


RAV 


1"^ • 



Table B.8.5 Memory Map 
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B.8.10 Test 

Test coverage to the Inverse Quantizer ac 

7"* the In — «od.l«:'. output snooper, and « t I 
output through the Inverse Quanti2er , s o „ n 

is c., e « a by th . Inverse Quanti2er , s own s=an c[)a . n ^ 
Access can be gained to without reference t 

iq_ac=ess if the raatest signal is asserted. 



c 



o 
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SECTION B.9 IDCT 

B . 9 * 1 Introduction 

The purpose of this description of the Inverse Discrete 
Cosine Transform (IDCT) block is to provide a source of 
5 engineering information for the IDCT* It includes 
information on the following. 

• purpose and main features of the IDCT 

• how it was designed and verified 

• structure 

10 It is intended that the description should provide one of 

ordinary skill in the art sufficient information to 
facilitate or aid the following tasks. 

• appreciation of the IDCT as a "sillicon macro 
function" 

15 • integration the IDCT onto another device 

•development of test programs for the IDCT silicon 
•modification, re-design or maintenance of the IDCT 

• development of a forward DCT block 
B.9-2 Overview 

20 A Discrete Cosine Transform/ Zig-Zag (DCT/ZZ) performs a 

transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
pixel block in a frequence domain, sorted according to 

2 5 frequency. Since the eye is sensitive to DC components in 
a picture, but much less sensitive to high frequency 
components , the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 

30 as quantization. The quantization process reduces the 
information contained * in the picture, that is, the 
quantization process is lossy. Lossy processes give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 

35 likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 



compression, although run-length coding is generally not a 
lossy process. 

The IDCT block (which actually includes an Inverse Zig- 
zag RAM, or IZZ, and an IDCT) takes frequency data, which 
is sorted, and transforms it into spatial data. This 
inverse sorting process is the function of IZZ. 

The picture decompression system, of which the IDCT block 
forms a part, specifies the pixels as integers. This means 
that the IDCT block must take, and yield, integer values. 
However, since the IDCT function is not integer based, the 
internal number -representation uses fractional parts to 
maintain internal accuracy. Full floating-point arithmetic 
is preferable, but the implementation described herein uses 
fixed-point arithmetic. There is some loss of accuracy 
using fixed-point arithmetic, but the accuracy of this 
implementation exceeds the accuracy specified by H.261 and 
the IEEE. 

B.9.3 Design Objectives 

The main design objective, in accordance with the present 
invention, was to design a functionally correct IDCT block 
which uses a minimum silicon area. The design was also 
required to run with a clock speed of 3 0MHz under the 
specified operating conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
clock rates will be needed in the future, and the 
architecture of the design allows for this wherever 
possible * 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces. 

* a 12-bit wide Token data input port 
- a 9-bit wide Token data output port 

* a microprocessor interface port 

* a system services input port 

* a test interface 

* resynchronizing signals 

Both the Token data ports are the standard Two-Wire 
Interface type previously described. The widths 
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illustrated, refer to the number of bits in the data 
representation, not the total number of wires in a port. 
In addition, associated with the input Token data port are 
the clock and reset signals used for resynchronization to 
5 the output of the previous block. There are also two 
resynchronizing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 
10 select inputs which are used to select the address spaces 
for events, internal registers and test registers. This 
mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 
15 signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 

The system services port consists of the standard clock 
and reset input signals, as well as, the 2-phase override 
20 clocks and associated clock override mode select input. 

The test interface consists of the JTAG clock and reset 
signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 

2 5 since the IDCT does not require any microprocessor access 

to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9*5 The Mathematical Basis for the Discrete Cosine 

3 0 Transformation 

* In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently, but the two- 
3 5 dimensional DCT has the property of being separable. 
Separable transforms can be computed along each dimension 
independent of the other dimensions. This implementation 
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uses a one-dimensional IDCT algorithm designed specifically 
for mapping onto hardware; the algorithm is not appropriate 
for software models. The one-dimensional algorithm is 
applied successively to obtain a two-dimensional result. 

The mathematical definition of the two-dimensional DCT 
for an N by N block of pixels is as follows: 



EQ 10. forward DCT 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications. A one- 
dimensional DCT is mathematically equivalent to multiplying 
5 two N by N matrices. Mathematically the two-dimensional 
case is: 

i-=[xc] r c 

/ 

Where C is the matrix of cosine terms. 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 

10 mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Note that 
the 2/N term governs the DC level. The constants c(j) and 
c(k) are known as the normalization factors. 
B.9.6 The IDCT Transform Algorithm 

15 As subsequently explained in further detail, the 

algorithm used to compute the actual IDCT transform should 
be a "fast" algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 

2 0 order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re-use of many of the most costly arithmetic 
elements. 

25 In the diagram illustrating the algorithm (Figure 136) , 

the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtractors also has a symmetry, the adders and subtr actors 
can be combined with relatively little cost (4 

30 adder/subtractors being significantly smaller than 4 adders 
+ 4 subtractors as illustrated) . 

Note that all the outputs of a single dimensional 
transform are scaled by V2 . This means that the final 2- 
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dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting. 

The algorithm shown was coded in double precision 
floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) . A further stage was then used to code a 
bit-accurate integer version of the algorithm in C (no 
timing information was included) which could be used to 
verify the performance and accuracy of the algorithm as it 
would be implemented on silicon* The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy . 

Figure 137 shows the overall IDCT Architecture in a way 
that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 
be calculated separately. 
B.9.7 The IDCT Transform Architecture 

As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 

• significant re-use of the costly arithmetic 
operations 

•small number of multipliers/ all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 
coefficient store) 

•small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 

• can arrange to generate results in natural order 
•no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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* advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

* architecture allows each stage to take 4 clock 

5 cycles, i.e*, removes the requirement for very fast 

(large) arithmetic operations 

* architecture will support much faster operation than 
current 3 0MHz pixel-clock operation by simply 
changing resolving operations from small/slow ripple 

10 carry to larger/ faster carry-lookahead versions. The 

resolving operations require the largest proportion 
of the time required in each stage so speeding up 
only these operations has a significant effect on the 
overall operations speed, whilst having only a 

15 relatively small increase on the overall size of the 

transform. Further increases in speed can also be 
achieved by increasing the depth of pipelining. 

* control of the transform data-flow is very 
straightforward and efficient 

2 0 The diagram of the ID Transform Micro-Architecture 

(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met. The 
control of this architecture is achieved by matching a 
25 "control shift-register" to the data-flow pipeline. This 
control is straightforward to design and is efficient in 
silicon layout. 

The named control signals on Figure 141 (latch, sel_byp 
etc.) are the various enable signals used to control the 
30 latches and, thus, the signal flow. The clock signals to 
the latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
35 The techniques used generally fall into two major classes. 
•Retention of maximum dynamic range, with a fixed 
word width, at each intermediate state by individual 
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control of the fixed-point position. 

•Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
j manipulation of arithmetic operations {rather than 

I 5 increasing accuracy by simply increasing the word 

i 

J width of the entire transform) 

t The straightforward way to design a transform would 

I involve a simple fixed-point implementation with a fixed 

word-width made large enough to achieve accuracy. 
; 10 Unfortunately, this approach results in much larger word 

| widths and, therefore, a larger transform* The approach 

used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 
15 any particular intermediate value, achieving the maximum 
^| possible accuracy . 

J£ Because the allowable results are specified 

01 statistically, selective adjustments can be made to any 

jjf intermediate value truncation operation in order to improve 

20 overall accuracy. The adjustments chosen are simple 
O manipulations of LSB calculations, which have little or no 

cost. The alternative to this technique is to increase the 
Q word width, involving significant cost. The adjustments 

UJ effectively "weight" final results in a given direction, if 

25 it is found that previously, these results tend in the 

opposite direction- By adjusting the fractional parts of 

results, we are effectively shifting the overall average of 

these results* 

B.9.8 IDCT Block Diagram Description 

3 0 The block diagram of the IDCT shows all the blocks that 

are relevant to the processing of the Token Stream. This 
diagram, Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 

3 5 in the diagram. 

B. 9.8*1 DATA Error Checker 

The first block is the DATA error checker and corrector, 
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called "decheck" which takes and produces a 12-bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens. All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
5 DATA Tokens with a number of extensions not equal to 64. 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_f ew_event , and M supernumerary H (>64 
extensions) , an idct_too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 

10 also attempts simple error recovery by manipulation of the 
Token Stream. In the case of deficient errors, the DATA 
Token is packed with "0" value extensions (stops accepting 
input and performs insert) to make up the correct 64 
extensions. In the case of a supernumerary error, the 

15 extension bit is forced to "0" for the 64th extension and 
all extra extensions are removed from the Token Stream. 
B. 9.8.2 Invtrst Zig-Zag 

The next block on the Spatial Decoder in Fig. 13 8 is the 
inverse zig-zag RAM 441, "izz", and again it takes and 

20 produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA 

25 Tokens (i.e., 64 extensions only). If this is not true, 
then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at the IDCT output. It is also possible to change the 

3 0 ordering to provide vertically scanned output. In addition 
to the standard IZZ ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 

35 order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 
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B.9.S.3 Input Formatter 

The next block in Figure 138 is the input formatter 442 , 
"ip_fmt", which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12-bit wide Token 
5 Stream input and 2 2 -bit wide token Stream output* DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 2 2- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
10 other Tokens are unshifted and the extra unused bits are 
simply set to 0. 

B. 9.8.4 1-Dimsnsional Transform - 1st Dimension 

The next block shown in Figure 13 8 is the first single 
dimension IDCT transform block 443 , "oned 1 * . This inputs and 
15 outputs 22-bit wide token Streams and, as usual, the stream 
is parsed and DATA Tokens are recognized. All other tokens 
are passed through unaltered. The DATA Tokens pass through 
a pipelined datapath that performs an implementation of a 
single dimension of an 8-by-8 Inverse Discrete Cosine 

2 0 Transform. At the output of the first dimension, there are 

7 bits of fraction in the data word. All other Tokens run 
through a merely shift register datapath that simply 
matches the DATA transform latency and are recombined into 
the Token Stream before output. 
25 B.9,8.5 Transpose RAM 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 

3 0 in the same way and actually share much of their control 

logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B.9.8.6 1-Dimensional Transform - 2nd Dimension 
3 5 The next block shown is another instance of a single 

dimension IDCT transform and is identical in every way to 
the first dimension. At the output of this dimension there 
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are 4 bits of fraction. 
B*t.t*7 Round and Saturate 

The round-and-saturate block 446 in Figure 138 , H ras H , 
takes a 22-bit vide Token Stream containing DATA extensions 
in 2 2 -bit fixed point format and outputs a 9 -bit wide Token 
Stream where DATA extensions have been rounded (towards +ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 
B.9,9 Hardware Descriptions of Blocks 
B.9.9.1 Standard Block Structure 

For all the blocks that handle a Token Stream there is a 
standard notional structure as shown in Figure 139. This 
separates the two-wire interface latches from the section 
that performs manipulation of the Token Stream. Variations 
on this structure can include extra internal blocks (such 
as a RAM core) . In some blocks shown, the structure is 
made less obvious in the schematic (although it does 
actually still exist) because of the requirement of 
grouping together all the "datapath" logic and separate 
this from all the standard cell logic. In the case of a 
very simple block, such as "ras", it is possible to take 
the latched out_accept straight into the input two-wire 
latch without logical manipulation* 
B. 9.9.2 "Decheck" - DATA Error Checking/Recovery 

The first block 44 0 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
Overview section* The detected errors are handled with the 
standard event mechanism which means that events can be 
masked and the block can either continue with the recovery 
procedure when an error is detected or be stopped depending 
on event mask status- The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 
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interface latch is of the "front 1 * type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it. This block 
works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be "0" when the count does 
not equal 63, an error signal is generated (which goes to 
the event logic) and depending on the state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "deficient" errors 
uses the counter to control the insertion of the correct 
number of extensions into the Token Stream (the value 
inserted is always "0") . Obviously, input is not accepted 
whilst this insertion proceeds. When it is found that the 
extension bit is not on the 64th extension, a 

"supernumerary" error is generated, the DATA Token is 
completed by forcing the extension bit to , and all 
succeeding words with the extension bit set to "1" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 
(unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 
B.9.9.3 "in" and "tram" - Reordering RAM a 

The "izz" 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAM) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 
a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 
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re-ordering are different, but a large section of the 
control logic for each RAM is identical and is actually 
organized into a "common control" block which is instanced 
in the schematic for each RAM . The difference in width has 
5 no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
of the appropriate width. 

The overall behavior of each RAM is essentially that of 

10 a FIFO* This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 30 MHz throughout the system since output 

15 of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 

20 required is different for inverse zig-zag and transpose 
sequences and is somewhat less than 64 in both cases. 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 

25 complexity of control logic required. 

The RAM core is implemented with a design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 

30 The re-ordering operation is performed by generating a 

particular sequence of . read addresses ("sequence address 
generation") in the range 0-> 63, but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning) or 

35 by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row in Odd/Even format (i.e., 
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1,3,5,7,0,2,4.6) rather than (0,1,2,3,4,5,6,7)) because of 
the requirements of the IDCT transform 1-dimens ional 
blocks . 



sequence generation simply requires the generation of row 
and column addresses separately, both implemented with 
counters. The row re-ordering requirement simply means 
that row addresses are generated with a simple specific 

10 state machine rather than a natural counter. 

Inverse zig-zag sequences are rather less straightforward 
to generate algor ithmically . Because of this fact, a small 
ROM is used to hold the entire 64 6 bit values of address, 
this being addressed with row and column counters which can 

15 be swapped in order to change between horizontal and 
vertical scan modes. A ROM based generator is very quick 
to design and it further has the advantage that it is 
trivial to implement a forward zig-zag (ROM re-program) or 
to add other alternative sequences in the future. 

2 0 B«9.9.4 "Oned" - Single Dimension IDCT Transform 

This block has a pipeline depth of 20 stages and the 
pipeline is rigid when stalled. This rigidity greatly 
simplifies the design and should not unduly affect overall 
dynamics since the pipeline depth is not that great and 
25 both dimensions come after a RAM which provides a certain 
amount of buffering. 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 

3 0 passed through unchanged. Note that the schematic is drawn 

in a particular way- First, because of the requirements to 
group together all the datapath logic and second, to allow 
automatic compiled code generation (this explains the 
control logic at the top level) . 
3 5 Tokens are parsed as normal and then DATA extensions, and 

other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 
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Transpose address sequence 
straightforward a Igor ithmically . 



generation is quite 
Straight transpose 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
shift register to handle the remainder of the Token Stream* 
The control section of "oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens. The other major section controls the transform 
datapath. The main mechanism for the control of this 
datapath is a control shift-register which matches the 
datapath pipeline and is tapped-off to provide the 
necessary control signals for each stage of the datapath 
pipeline. 

The "oned" block has the requirement that it can only 
start operation on complete rows of DATA extensions, i.e., 
groups of 8. It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, the 
operation of " izz" and the M tram w ensure that complete DATA 
blocks are output as an uninterrupted sequence of 64 valid 
extension values. 
B. 9, 9. 4.1 Transform Datapath 

The micro-architecture of the transform datapath, "t__dp" 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 
does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline. The 
basic sub-Structure of the datapath, i.e., the three main 
sections can also be seen (e.g., pre-common, common and 
post-common) as can the arithmetic and latch resources 
required. The named control signals are the enables for 
the pipeline latches (and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

Within the transform datapath there are a number of latch 
stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 
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output. Some of latches are of the muxing type, i.e., they 
can be conditionally loaded from more than one source. All 
the latches are of the enabled type, i.e., there are 
separate clock and enable inputs. This means that it is 
5 easy to generate enable signals with the correct timing, 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows, 
•a number of fixed coefficient multipliers 
10 (carry-save output) 

* carry-save adders 

* carry-save subtracters 

• resolving adders 

• resolving adder/subtractors 

15 All arithmetic is performed in two's complement 

representation. This can either be in normal (resolved) 
form or in carry-save form (i.e., two numbers whose sum 
represents the actual value) . Ail numbers are resolved 
before storage and only one resolving operation is 

20 performed per pipeline stage since this is the most 
expensive operation in terms of time. The resolving 
operations performed here all use simple ripple-carry. 
This means that the resolvers are quite small, but 
relatively slow. Since the resolutions dominate the total 

25* time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units. 

B,9.9.5 "Ras" - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
30 taking 22-bit fixed point numbers from the output of the 
second dimension "oned'l and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/N term) and to 
3 5 further divide-by-2 required to compensate for the <2 pre- 
scaling performed in each of the two dimensions. This 
division by 3 *i*mplies that the fixed point position is 
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interpreted as being three bits further left than 
anticipated, i.e., treat the result as having 15 bits of 
integer representation and 7 bits of fraction (rather than 
4 bits of fraction) . The rounding mode implemented is 
5 "round to positive infinity", i.e., add one for fractions 
of exactly 0.5. This is primarily done because it is the 
simplest rounding mode to implement. After rounding (a 
conditional -increment of the integer part) is complete, 
this result is inspected to see whether the 9-bit signed 
10 result requires saturation to the maximum or minimum value 
in this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value. 

As usual, the Token Stream is parsed and the round and 
15 saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells. 
B.9.9.6 "Idctsels" - IDCT Register Select Decoder 

This block is a simple decoder which decodes the 4 
20 microprocessor interface address lines, and the "sel_test" 
input, into select lines for individual blocks test access 
(snoopers and RAHs) . The block consists only of zcells 
combinatorial logic. The selects decoded are shown in 
Table B.9.2. 
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IDCT Test Address space 

Repeated address 
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B.9.9.7 "idctregs" - IDCT Control Register and Events 

This block of the invention contains instances of the 
standard event logic blocks to handle the DATA deficient 
and supernumerary errors and also a single memory mapped 
5 bit "vscan" which can be used to make the "izz" re-ordering 
change such that the IDCT output is vertically scanned. 
This bit is reset to the value ,T 0 M , i.e., the default mode 
is horizontally scanned output. The two possible events 
are OR-ed together to form an idctevent signal which can be 

10 used as an interrupt. See Section B.9.10 for the addresses 
and bit positions of registers and events. 
B.9.9.8 Clock Generators 

Two "standard" type ("clkgen") clock generators are used 
in the IDCT. This is done so that there can be two 

15 separate scan-paths. The clock generators are called 
"idctcga" and "idctcgb". Functionally, the only difference 
is that "idctcgb" does not need to generate the "notrstl" 
signal. The amounts of buffering for each of the clock and 
reset outputs in the two clock generators is individually 

20 tailored to the actual loads driven by each clock or reset. 
The loads that are matched were actually measured from the 
gate and track capacitances of the final layout. 

When the IDCT top-level Block Place and Route (BPR) was 
performed, advantage was taken of the capabilities of the 

2 5 interactive global routing feature to increase the widths 

of tracks of the first sections of the clock distribution 
trees for the more heavily loaded clocks (ph0_b and phl_b) 
since these tracks will carry significant currents. 
B.9.9.9 JTAG Control Blocks 

3 0 Since the IDCT has two separate scan-chains, and two 

clock generators, there are two instances of the standard 
JTAG control block, "jspctle". These interface between the 
test port and the two scan-paths. 
B,9*10 Event and Control Registers 
3 5 The IDCT can generate two events and has a single bit of 

control. The two events are idct__too_f ew_event and 
idct_too_many_event which can be generated by the "decheck" 
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block at the front of the IDCT if incorrect DATA Tokens are 
detected. The single control bit is "vscan" which is set 
if it is required to operate the IDCT with the output 
vertically scanned* This bit, therefore, controls the 
5 "izz" block. All the event logic and the memory mapped 
control bit are located in the block " idctregs" . 

From the point of view of the IDCT, these registers are 
located in the following locations. The tristate i/o wires 
n_derrd and n-serrd are used to read and write to these 
10 locations as appropriate. 



Addr. 


Sri 




(hex) 




Register Name 


num. 




0x0 


7. J 


not used j 




0 


vscart j 



Table B.9,2 IDCT Control Register Address Space 



Addr. 


Bit 


Register Name 


[hex) 


name 


t 


0x0 


n^derrd 


idct,tooJew_event j 




n_s«rrd 


i d c t _to o'_ma ny^e ven t 


Cxi 


n_derrd 


idct_toojewjnasx 




n^serrd 


!dc!_!oo_many_mask | 



Table B.9.3 IDCT Event Address Space 
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B.9.11 Implementation Issues 
B.9.11. 1 Logic Design Approach 

In the design of all the IDCT blocks, in accordance with 
the invention, there was an attempt: to use a unified and 
5 simple logic design strategy which would mean that it was 
possible to do a" "safe" design in a quick and 
straightforward manner. For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
10 correct system resets. Although it might often be possible 
to come up with clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages. 



allows scan paths to work correctly 
•allows automatic complied C-code generation 
There are a number of places where transparent d-type 
latches were used and these are listed below. 

2 5 * B. 9.11.1.1 two-wire interface latches 

The standard block structure uses latches for the input 
and output two-wire interfaces. No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

3 0 B. 9. 11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the 122 sequence generator at the 
output of the ROM. 

B.9.11. 1.3 Transform Datapath and Control shift- Register 

35 it is possible to implement every pipeline storage stage 

as a full master-slave device, but because of the amount of 
storage required' there is a significant savings to be had 



20 



15 



• conceptually simple 

• easy to design 

•speed of operation is fairly obvious (cf. 
latch->logic->latch>logic style design) and 
amenable to automatic analysis 
■glitches not a problem (cf. SR latches) 

• using only system reset for initialization 
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by using latches. However, this scheme requires the user 

to consider several factors. 

• control shift-register must now produce control 
signals of both phases for use as enables (i.e., 
5 need to use latches in this shift-register) 

•timing analysis complicated by use of latches 
•the "t_postc" will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 
10 enables this is not a problem for the circuit) 

Nonetheless, the area saved by the use of latches makes 

it worthwhile to accept these factors in the present 

invent ion . 

B. 9. 11. 1.4 Microprocessor interfaces 

15 Due to the nature of this interface, there is a 

requirement for latches (and resynchronizers) in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores. 

B. 9.11.1.5 JTAG Test Control 

20 These standard blocks make use of latches. 

B. 9 .11.2 Circuit Design Issues 

Apart from the work done in the design of the library 
cells that were used in the IDCT design (standard cells, 
datapath library, RAMs, ROMs , etc.) there is no requirement 

25 for any transistor level circuit design in the IDCT. 
Circuit simulations (using Hspice) were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis (CPA) tool in the case of paths that were 

30 close to the allowed maximum length. 

Mote that the IDCT -is fully static in normal operation 
(i.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . Due to 

3 5 the non-restored nature of some nodes which exhibit a Vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 
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B.9.11.3 Layout Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
5 and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g./ RAMs, ROM, clock 
generators, datapaths) or, in the case of the "oned" block, 
had been built using BPR from further zcells and datapaths. 
Datapaths were constructed from kdplib cells. 

10 Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
providing a worthwhile size benefit. The datapath used in 
each of the "oned" blocks, "oned_d M , is by far the largest 
single element in the design and considerable effort was 

15 put into optimizing the size (height) of this datapath. 

The organization of the transform datapath, "t_dp", is 
rather crucial since the precise ordering of the elements 
within the datapath will affect the way the interconnect is 
handled. It is important to minimize the number of "overs" 

20 (vertical wires not connecting to a sub-block) which occur 
at the most congested point since there is a maximum 
allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this is the way that the 

2 5 datapath layout was performed. In each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are f therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 

30 the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly. 

35 B.9^i2 verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms to 
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final layout checks. 

The initial work on the transform architecture was done 
in C, both full-precision and bit-accurate integer models 
were developed* Various tests were performed on the bit- 
5 accurate model in order to prove the conformance to the 
H.261 accuracy specification and "to measure the dynamic 
ranges of the calculations within the transform 
- architecture.. 

The design progressed in many cases by writing an M 

10 behavioral description of sub-blocks (for example, the 
control of datapaths and RAMs) . Such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that block. In some cases (e.g., 
RAMs, clock generators) the behavioral descriptions were 

15 still used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
(i.e., zcells and kdplib) were mainly simulated using their 

20 behavioral descriptions since this results in far smaller 
and quicker simulations. Additionally, the behavioral 
library cells provide timing check features which can 
highlight some circuit configuration problems. As a 
confidence check, some simulations were performed using the 

25 transistor descriptions of the library cells. All the 
logic simulations were in the zero-delay manner and, 
therefore, were intended to verify functional performance. 
The verification of the real timing behavior is done with 
other techniques. 

3 0 Lsim switch-level simulations (with RC_Timing mode being 

used) were done as a partial verification of timing 
performance, but also provide checks for some other 
potential transistor level problems (e.g., glitch sensitive 
circuits) . 

3 5 The main verification technique for checking timing 

problems was the use of the CPA tool, the "path" option for 
"datechk". This was used to identify the longer signal 
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paths (some were already known) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sink methodology since the bulk of the IDCT 
behavior is exercised by the flow of Tokens through the 
device* Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

Compiled-code simulations can be readily accomplished by 
one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification. 

B.9,13 Testing and Test Support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 
follows: 

* microprocessor access to RAM cores 

* microprocessor access to snooper blocks 

* scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the othez| microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 
microprocessor access, it is possible to control the Token 
inputs to any block and then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b" , the former running from the 
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"decheck" block to the "ip_fmt" block and the latter from 
the first "oned" block to the "ras" block. 

Access to snoopers is possible by accessing the 
appropriate memory mapped locations in the normal manner. 
5 The same is true of the RAM cores (using the "ramtest" 
input as appropriate) ♦ The scan paths are accessed through 
the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 
various test issues. 
10 B • 9 . 13 . 1 "Dectaeck" 

This block has the standard structure (see Figure 13 9) 
where two latches for the input and output two-wire 
interfaces surround a processing block. As usual , no scan 
is provided to the two-wire latches since these simply pass 
15 on data whenever enabled and have no depth of logic to be 
tested. In this block, the "control" section consists of 
a 1-stage pipeline of zcells which are all on scanpath "a". 
The logic in the control section is relatively simple, the 
most complex path is probably in the generation of the DATA 

2 0 extension count where a 6-bit incrementer is used. 

"lam" 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 

25 implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers plus the ability to increment or 

30 decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 
B. 9 .13.3 "lp_f*t" 

3 5 This block again has the standard structure. Control 

logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 
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of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple* 
B.9.13+4 "Oned" 

Again, this block follows the standard structure and 
5 divides into random logic and datapath sections. The zcell 
logic is relatively straightforward/ all the zcells are on 
scanpath "a 1 *. The control signals for the transform 
pipeline datapath are derived from a long shift register 
consisting of zcell latches which are on the scanpath. 

10 Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth of logic between some stages of the pipeline (e.g., 
multipliers and adders) . The non-DATA Tokens are passed 
along a shift register, implemented as a datapath, and 

15 there is no test access to any of the stages . 
B.9.13.5 Tram 7 

This block is very similar to the "izz" block. In this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algorithmically . 

20 All the zcell control states are on datapath "b". 
B.9.13.6 Rras' 

This block follows the standard structure and is entirely 
implemented with zcells. The most complex logical function 
is the 8-bit incrementer used when rounding up. All other 

25- logic is fairly simple. All states are scanpath "b H . 
B. 9. 13 • 7 Other top-level blocics 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 

30 are also the two clock generators which do not have any 
special test access (although they support various test 
features) . The block "idctsels" is combinatorial zcell 
logic for decoding microprocessor addresses and the block 
"idctregs" contains the microprocessor accessible event and 

35 control bits associated with the IDCT. 
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SECTION B.10 Introduction 

B«lO*l Overviev of the Temporal Decoder 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 142* 
5 All data flow between the blocks of the chip (and much of 

the data flow within blocks) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
142 represents a two-wire interface. The incoming token 
stream passes through the input interface 450 which 

10 synchronizes the data from the external system clock to the 
internal clock derived from the phase-locked- loop 
(phO/phl) . The token stream is then split into two paths 
via a Top Fork 451; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 

15 FIFO buffers data while data from previous I or P frames is 
fetched from the DRAM and processed in the Prediction 
Filters 4 54 before being added to the incoming error data 
from the Spatial Decoder in the Prediction Adder 4 55 (P and 
B frames) . During MPEG decoding, frame reordering data 

2 0 must also be fetched for I and P frames so that the output 
frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 456. 

The Address Generator 4 52 generates separate addresses 
for forward and backward predictions, reorder, read and 

2 5 write-back, the data which is written back being split from 
the stream in the Write Rudder block 457. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 458. 

All the major blocks in the Temporal Decoder are 

30 connected to the internal microprocessor interface (UPI) 
bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
459. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 

35 microprocessor interface is the event logic. 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test- First, the IEE 1149.1 
(JTAG) interface 460 provides an interface to internal scan 
paths as well as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
the data flow via the microprocessor interface while in 
test mode are included at strategic points in the pipeline 
architecture. 
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SECTION B.ll Clocking, Test and Related Issues 

B.ii.i ClocX Regimes 

Before considering the individual functional blocks 
within the chip, it is helpful to have an appreciation of 
5 the clock regimes within the chip -and the relationship 
between them. 

During normal operation, most blocks of the chip run 
synchronously to the signal pllsysclk from the phase- 
locked-loop (PLL) block. The exception to this is the DRAM 

10 interface whose timing is governed by the need to be 
synchronous to the if time sub-block, which generates the 
DRAM control signals (notwe, notoe, notcas, notras) . The 
core of this block is clocked by the two-phase non- 
overlapping clocks clko and clkl, which are derived from 

15 the quadrature two-phase clocks supplied independently from 
the PLL ckiO, ckil and clkqO, ckql. 

Because the clkO, clkl DRAM interface clocks are 
asynchronous to the clocks in the rest of the chip, 
measures have been taken to eliminate the possibility of 

20 metastable behavior (as far as practically possible) at the 
interfaces between the DRAM interface and the rest of the 
chip. The synchronization occurs in two areas: in the 
output interfaces of the Address Generator 
(addrgen/predread/psgsync, addrgen/ ip_wrt2 /synclS and 

2 5 addrgervip_rd2/syncl8) and in the blocks which control the 
"swinging" of the swing-buffer RAMs in the DRAM Interface 
(see section on the DRAM Interface) . In each case, the 
synchronization process is achieved by means of three 
metastable-hard flip-flops in series. It should be noted 

30 that this means that clkO/clkl are used in the output 
stages of the Address Generator. 

In addition to these completely asynchronous clock 
regimes, there are a number of separate clock generators 
which generate two-phase non-overlapping clocks (phO, phi) 

35 from pllsysclk. The Address Generator, Prediction Filters 
and DRAM Interface each have their own clock generators; 
the remainder of the chip is run off a common clock 
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generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
5 generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these- clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 

10 different clock generators could mean that underlap 
occurred at the interfaces. Circuitry built into each 
"Snooper" block (see Section B.11.4) ensures that this does 
not occur, and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 

15 front of the Address Generator, where the resynchronization 
is performed in the Token Decode block. 
B.ii.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 

20 scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator (tphO, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 

2 5 paths are generated automatically by a post-processor which 
correctly connects these clocks. From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 

30 During normal operation, the master clocks can be derived 

in a number of different- ways . Table B.ll.l indicates how 
various modes can be selected depending on the states of 
the pins pllselect and override. 
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pltselect J override 


Mode 


0 


0 


pilsysclk is connected directly to eternal syscik. 
bypassing the PLL; ORAM Interface docks (cktO, ckit. 
ckqO, ckql) are controlled directly from the oms tt and tq. , 


0 


1 


Override mode - phO and phi doexs are ccntroiied J 

i 

directly from pins tphoish and tpnlish: DRAM fnrerfacs ' 
clocks (ckiQ, cki1 t ckqO, ckql} are controlled drrec:!/ 
from the pins tl and tq. • 


1 


0 


Normal operation, pilsysclk is me c:ocx generatea 5y me \ 
PLU ORAM Interlace clocks are generated by me =»L1. 


1 


1 


External resistors connected to ti ana tq are usee ms:eac ■ 
of the internal resistors (debug only). \ 



Tabl« B.ll.i Clock Control Modes 



B.ll.3 Thm Two-wir« Interface 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference. However, 
the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
two-wire interface in order to be able to interpret many of 
the schematics ♦ In general, these internal pipeline stages 
are structured as shown in Figure 143. 
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Figure 143 shows a latch-logic-latch representation as 
this is the configuration which is normally used. However, 
when a number of stages are put together, it is equally 
valid to think of a "stage" as being latch-latch-logic (for 
5 many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block ♦ 

Referring again to Figure 143, a simple two-wire 

10 interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched in_valid directly into 
the NOR gate on the input to the in_accept latch in the 
same way as out_valid and out_accept are gated. Data and 

15 valid signals then propagate when the corresponding accept 
signal is high. By ORing in_valid with out_accept_reg in 
the manner shown, data will be accepted if in_valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 

20 a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 143, 
in_accept and out_valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 

2 5 master-slave devices with the master enabled by phi and the 
slave enabled by phO. 
B.ll.4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 

30 Interface. There are two types of snooper blocks. 
Ordinary Snoopers can only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain 
circuitry which synchronizes the asynchronous data from the 

35 Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Temporal Decoder. 
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j Location 


Type 


i 
| 


l acc:gervvec_~roe/snoopz3t 


j Snoooer 




! addrgerycm_proe/rriidsno 


Snooper 






Snooper 


f 


! acdfgervcfecfeaa/snooo244 


| Snoooer 


i 


| acdr5ervip_wrt2,'supeai0 


j Super Snooper 




| adorgen/to.-c2/suo«f2io 


| Super Snooper 




Table B.11.2 Snoopers in Temporal Decoder, 




pnta/rwcfiVdrmouWsnoopkl3 



pfltsrbwdflt.dimpurt/snoook1 3 



pfltVsnoooz9 



Snooper 



Snooper 



Table B.ii.2 Snoopers in Temporal Decoder 

Details on the use of both Snoopers are contained in the 
test section. Details of the operation of the JTAG 
interface are contained in the JTAG document. 
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SECTION B.12 Functional Blocks 

B.12.1 Top Fork 

The Top Fork, in accordance with the present invention, 
serves two different functions. First, it forks the data 
5 stream into two separate streams: one to the Address 
Generator and the other to the FIFO. Second, it provides 
the means of starting and stopping the chip so that the 
chip can be configured. 

The fork part aspect of the component is very simple. 
10 The same data is presented to both the Address Generator 
and the FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus, 
the valids of the two branches of the fork are dependent on 
the accepts from the other branch. If the chip is in a 
15 stopped state, the valids to both branches are held low. 

The chip powers up in a state where in_accept is held low 
until the configure bit is set high. This ensures that no 
data is accepted until the user has configured the chip. 
If the user needs to configure the chip at any other time, 
20 he must set the configure bit and wait until the chip has 
finished the current stream. The stopping process is as 
f ol lows : 

1) If the configure bit has been set, do not 
accept any more data after a flush token has 

2 5 been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the FLUSH Token reaches the Read 
Rudder. This causes the signal seq_done to go 
high . 

30 3) When seq_done goes high, set an event bit which 

can be read by the Microprocessor. The event 
signal can be masked by the Event block. 
B.12.2 Address Generator 

In the present invention, the address generator (addrgen) 
35 is responsible for counting the numbers of blocks within a 
frame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the token stream from the token input port (via topfork) , 
and its output to the DRAM interface consists of addresses 
and other information, controlled by a request/acknowledge 
protocol . 

5 The principal sections of the address generator are: 

* token decode 

■ block counting and generation of the DRAM block 
address 

•conversion of motion vector data into an address 
10 offset 

* request and address generator for prediction 
transfers 

* reorder read address generator 
■write address generator 

15 B. 12.2.1 Token Decode (tokdec) 

In the Token Decoder, tokens associated with coding 
standards, frame and block information and motion vectors 
are decoded. The information extracted from the stream is 
stored in a set of registers which may also be accessed via 
20 the upi. The detection of a DATA token header is signalled 
to subsequent blocks to enable block counting and address 
generation* Nothing happens when running JPEG, 
List of tokens decoded: 
CODING_STANDARD 
25° * DATA 

DEFINE_MAX_SAMPLING 
D£FINE_SAMPLING 
H0RIZ0NTAL_MBS 
MVD_BACKWARDS 
3 0 • MVD_FORWARDS 

P I CTURE_ST ART 
PICTUREJTYPE 
PREDICTION_MODE 
This block also combines information from the request 
3 5 generators to control the toggling of the frame pointers 
and to stall the input stream. The stream is stalled when 
a new frame appears at the input (in the form of a 




549 



PICTURE_START token) but the writeback or reorder read 
associated with the previous frame is incomplete, 
B.12.2.2 MacroblocJc Counter (mblfccntr) 

The macroblock counter of the present invention consists 
5 of four basic counters which point to the horizontal and 
vertical position of the macroblock in the frame and to the 
horizontal and vertical position of the block within the 
macroblock, - At the beginning of time, and on each 
PICTURE_START, all counters are reset to zero. As DATA 

10 Token headers arrive, the counters increment and reset 
according to the color component number in the token header 
and the frame structure. This frame structure is described 
by the sampling registers in the token decoder. 

For a given color component, the counting proceeds as 

15 follows. The horizontal block count is incremented on each 
new DATA Token of the same component until it reaches the 
width of the macroblock, and then it resets. The vertical 
block count is incremented by this reset until it reaches 
the height of the macroblock, and then it resets. When 

2 0 this happens, the next color component is expected. Hence, 
this sequence is repeated for each of the components in the 
macroblock - the horizontal and vertical size of the 
macroblock, possibly being different for each component. 
If, for any component, fewer blocks are received than are 

2 5" expected, the count will still proceed to the next 

component without error. 

When the color component of the DATA Token is less than 
the expected value, the horizontal macroblock count is 
incremented. (Note that this will also occur when more 

3 0 than the expected number of blocks appear for a given color 

component, as the counters will then be expecting a higher 
component index.) This horizontal count is reset when the 
count reaches the picture width in macroblocks. This reset 
increments the vertical macroblock count. 
35 There is a further ability to count macroblocks in H.261 

CIF format. In this case, there is an extra level 
hierarchy between macroblocks and the picture called the 
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group of blocks. This is eleven macroblocks wide and three 
deep f and a picture is always two groups wide. The token 
decoder extracts the GIF bit from the PICTUREJTYPE token 
and passes this to the macroblock counter to instruct it to 
5 count groups of blocks. Instances of too few or too many 
blocks per component will provoke similar reactions as 
above . 

B* 12 • 2 « 3 Block Calculation (blkcalc) 

The Block calculation converts the macroblock and block- 
10 within-macroblock coordinates into coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This f of course, has to take into 
account the sampling ratios of the different color 
components . 

15 B.12.2.4 Base block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 

2 0 number of blocks down times the width of the picture plus 

the number of blocks long. This is added to the color 
component offset to form the base block address. 
B. 12.2.5 Vector Offset (vecjpipe) 

The motion vector information presented by the token 
25 decoder is in the form of horizontal and vertical pixel 
offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half-pixels from the block being formed to 
the block from which it is being predicted. Note that 

3 0 these coordinates may be positive or negative- They are 

first scaled according - to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 14 5, the shaded area represents the block that 
3 5 is being formed. The dotted outline is the block from 
which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 




551 

block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel offset - 
the position of the prediction block origin within that 
DRAM block. As the DRAM block is 8x8 bytes, the pixel 
5 offset looks to be (7,2). 

The multiplier array vmarrla then converts the block 
vector offset into a linear vector offset. The pixel 
information is passed to the prediction request generator 
as an (x,y) coordinate (pix_inf o) . 

10 B. 12*2.6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the DRAM (Inblkad3). If the pixel offset is zero, 
only one request is generated. If there is an offset in 

15 either the x OR y dimension, then two requests are 
generated - the original block address and the one either 
immediately to the right or immediately below. With an 
offset in both x and y, four requests are generated. 

Synchronization between the chip clock regime and the 

20 DRAM interface clock regime takes place between the first 
addition (Inblkad3) and the state machine that generates 
the appropriate requests. Thus, the state machine 
(psgstate) is clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 

25 chain. 

B.12.2.7 Reorder Read Requests and Write Requests 

As there is no pixel offset involved here, each address 
is formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 

30 as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
address. (This is because the read/ write data interacts 

3 5 with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 
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B.12.2.B Offset* 

The DRAM is configured as two frame stores, each of which 
contains up to three color components. The frame store 
pointers and the color component offsets within each frame 
5 must be programmed via the upi. 
B. 12.2.9 Snoopers 

In the present invention, snoopers are positioned as 
follows: 

* Between blkcalc and bablkadr - this interface comprises 
10 the horizontal and vertical block coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component) * 

After bsblkadr - the base block address. 
'After vecjpipe - the linear block offset, the 
15 pixel offset within the block, together with 

information on the prediction mode, color component 
and H.261 operation. 

After Inblkad3 - the physical block address, as 
described under "Prediction Requests". 
2 0 Super snoopers are located in the reorder read and write 

request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12. 2. 10 Scan 

The addrgen block has its own scan chain, the clocking of 

2 5 which is controlled by the block's own clock generator 

(adclkgen) ♦ Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.12.3 "Prediction Filters 

3 0 The overall structure of the Prediction Filters, in 

accordance with the present invention, is shown in Figure 
14 6. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h261_on 
3 5 input of the backward filter should be permanently low 
because H.261 streams do not contain backward predictions) . 
The entire Prediction Filters block is composed of 
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pipelines of two-wire interface stages* 
B* 12.3*1 x Prediction Filter 

Each Prediction Filter acts completely independently of 
the other, processing data as soon as valid data appears at 
5 its input. It can be seen from Figure 147 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H.261 being the more complex, is described 
10 first. 

B. 12.3*1.1 H.26j operation 

The one-dimensional filter equation used is as follows: 

F,= 4 '- 1 d<t<6) 

F- = x i (otherwise) 

This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 

15 Filter* The mechanism by which this is achieved is 
illustrated in Figure 148 , which is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row. registers A and C are 

2 0 reset and the data passes unaltered through registers B, D 
and F (the contents of B and D being added to zero) * The 
control of Bx2mux is set so that the output of register B 
"is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 

25 Thus, all values are multiplied by 4 (more of this later). 
For all other pixels, x 1+t is loaded into register C, x s into 
register B and x^., into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 
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horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently. The control and the counting 
of the pixels within a row is performed by the control 
5 logic associated with each 1-D filter. It should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B. 12. 4*2) after both 
horizontal and vertical filtering has been performed, so 

10 that arithmetic accuracy is not lost/ Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h2 61_on and last_byte. 

Of the other blocks found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 

15 presented to the x-filter in the correct order. It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input- of 
register C, the second to register B and the third to 
register A. 

2 0 Between the x and y filters, the Dimension Buffer buffers 

data so that groups of three vertical pixels are presented 
to the y-filter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters. Referring to Figure 149, 

2 5 the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B.12.1. 
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Table B.12.1: H.261 Dimension Buffer Sequence 

a. Least row of pixels from previous block or invalid 
data if there was no previous block (or if there 
was 

a long gap between blocks,) 

b. F(x) indicates the function in H.261 filter 
equation . 
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During MPEG operation, a Prediction Filter performs a 
simple half pel interpolation: 



F. = x.(0<i <7jntegerp«/) 



This is the default filter operation unless the h26l_on 
5 input is low. If the signal dim into a 1-D filter is low 
then integer pel interpolation will be performed. 
Accordingly, if h261_on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
10 a 1-D filter is high, the rows (or columns) will be 8 
pixels wide (or high) . This is summarized in Table B.12.2. 
Referring to Figure 148, "1-D Prediction Filter, 1 ', the 
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Table B.12,2 1-D Filter Operation 
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operation of the 1-D filter is the same for MPEG inter pel 
as it is for the first and last pixels in a row in H.261. 
For MPEG half-pel operation register A is permanently 
reset and the output of register C is shifted left by l 
5 (the output of register B is always shifted left by i 
anyway) . Thus, after a couple of clocks register F 
contains (2B +2C) , four times the required result, but this 
is taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 

10 y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 

15 one row. It is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because $ the filtering operation converts 9-pixel rows 
into 8-pixel rows* "Lost 11 pixels are replaced by gaps in 
the data stream. When performing half-pel interpolation, 

20 the x-filter inserts a gap at the end of each row (after 
every 8 pixels) ; the y-filter inserts 8 gaps at the end of 
the block* This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 

2 5 out of the FIFO. This minimizes the worst-case throughput 
of the chip which occurs when 9x9 blocks are being 
filtered. 

B* 12 .3.2 The Prediction Filters Adder* 

During MPEG operation, predictions may be formed using an 
30 earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 

Prediction Filters Adder (pfadd) is to determine which 
35 filtered prediction values are being used (forward, 
backward or both) and either pass through the forward or 
backward filtered predictions or the average of the two 
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(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_lst_byte and/or bwd_lst_byte 
signals are active, indicating the last byte of the current 
5 prediction block. If the current block is a forward 
prediction then only fwd_lst_byte is examined. If it. is a 
backward prediction then only bwd_lst_byte is examined. If 
it is a bidirectional prediction then both fwd_lst_byte 
and bwd_lst_byte are examined. 

10 The signals fwd_on and bwd_on determine which prediction 

values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 

15 active. 

Two criteria are used to determine the prediction mode 
for the next block: the signals f wd_ima_twin and 
bwd_ima_twin , which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 

2 0 buses f wd_p_num[ 1 : 0 } and bwd_p_num [ 1 : 0 ] , These buses 

contain numbers which increment by one for each new 
prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 
25 prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 

3 0 predictions can get out of sequence at the input of the 

Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)If valid forward data is present and 

fwd_ima_twin is high, then the block stalls until 
3 5 valid backward data arrives with bwd_ima_twin 

set and then it goes through the blocks averaging 

each pair* of prediction values. 



559 

2) If valid backward data is present and 
bvd__ima_twin is high, then the block stalls until 
valid forward data arrives with fwd_ima_twin set 
and then it proceeds as above. If forward and 

5 backward data are valid together, there is no 

stall. 

3) If valid forward data is present, but 

f wd_iirta_twin is not set, then fwd_p_num is 
examined. If this equals the number from the 
10 previous prediction plus one (stored in 

pred_num) then the prediction mode is set to 
forward . 

4) If valid backward data is present but 
bwd_ima_twin is not set, then bwd_p_num is 

15 examined. If this equals the number from the 

previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward* 

Note that M early_valid" signals from one stage back in 
20 the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline. 

The ima_twin and pred_num signals are not passed along 
25 the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_lst_byte and/ or bwd_ist_byte are valid. 
This saves about 25 three-bit pipeline stages in 

30 each prediction filter. 

2) The signals remain valid throughout a block 
and, therefore, are valid at the time when 

f wd_lst_byte 

and/or bwd_lst_byte reach the Prediction Filters 
3 5 Adder. 

3) The signals are examined a clock before data 
arrives anyway. 
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6.12.4 Prediction Adder and FIFO 

The prediction adder (padder) 'forms the predicted frame 
by adding the data from the prediction filters to the error 
data. To compensate for the delay from the input through 
5 the address generator, DRAM interface and prediction 
filters, the error data passes through a 256 word FIFO 
(sfifo) before reaching padder. 

The CODING_STANDARD, PREDICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 

10 formed. The 8-bit prediction data is added to the 9-bit 
two's complement error data in the DATA Token. The result 
is restricted to the range 0 to 255 and passes to the next 
block. Note that this data restriction also applies to all 
intra-coded data, including JPEG. 

15 The prediction adder of the present invention also 

includes a mechanism to detect mismatches in the data 
arriving from the FIFO and the prediction filters. In 
theory, the amount of data from the filters should exactly 
correspond to the number of DATA Tokens from the FIFO which 

20 involve prediction. In the event of a serious malfunction, 
however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 
marked, respectively, by the in_extn and fl_last inputs. 
Where the end of the filter data is detected before the end 

2 5 of the DATA Token, the remainder of the token continues to 

the output unchanged. If, on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded. 

30 There is no snooper in either the FIFO or the prediction 

adder, as the chip can -be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port, 
B-12.5 Write and Read Rudders 

3 5 B. 12. 5.1 The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 
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data blocks in I or P pictures in MPEG , and all data blocks 
in H.261 to the DRAM interface so that they can be written 
back into the external frame stores under the control of 
the Address Generator. All the primary functionality is 
5 contained within one two-wire interface stage, although the 
write-back data passes through a snooper on its way to the 
DRAM interface. 

The Write -Rudder decodes the following tokens: 



Token Name 


Function in Write Rudder 


COD(NG_STANDARD 


Write-frae* fs inhibited for JPEG streams. 


PICTUREJTYPE 


Writeback on/y occurs tn I ind P frames, not S frames. 


DATA 


On*y fr* data wttWn DATA tokens is *mnea Oacfc. 



B.I2.3 Tokens Decoded by the Write Rudder 

10 After the DATA Token header has been detected, all data 

bytes are output to the DRAM Interface. The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush signal to be sent to the DRAM Interface swing 
buffer. In normal operation, this will align with the 

15 point when the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is likely that the next 
few output pictures would be incorrect) . 
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B.12,5.2 The Read Rudder (rrudder) 

The Read Rudder of the present invention has three 
functions, the two major ones relating to picture sequence 
reordering in MPEG: 
5 l)To insert data which has been read-back from 

the external frame store into the token stream 
at the correct places. 

2) To reorder picture header information in I 
and P pictures. 
10 3) To detect the end of a token stream by 

detecting the FLUSH token (see Section B.12.1, 
"Top Fork") ♦ 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard two- 
15 wire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 



' Token Name 


Funcoon tn Read Rudder j 


! FLUSH 


Signals to Top Fork. f 


I CODING_STANDARD ' 


bordering is inhibited if the coding standard is no( MP£3. 


i SEQUENCE.START 


The read-bacx data for the first picture of a reordered secuer-ce s ;nvand • 


! PICTURE.START 

1 

i 


S.gnais that :he current cutout FIFO must be swapped (I or ? pictures > 
The first of the picture header tokens. 


■ PICTURE_£ND 


AH tokens above the picture layer are aJiowed throcgn 


TEMPORTAL.REFERENCE 


The second of the picture header tokens. 


PICTURE_TYPE 


The tntrd of the picture header tokens. 


DATA 


When reordering, the contents of DATA tc<ers are recarec 
reordered data. 



Table B.12.4 Tokens decoded by the Read Rudder 
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The reorder function is turned on via the Microprocessor 
Interface, but is inhibited if the coding standard is not 
MPEG, regardless of the state of the register. The same 
MPI register controls whether the Address Generator 
generates a reorder address and thus, reorder is an output 
from this block* To understand how the Read Rudder works, 
consider the input and output control logic separately, 
bearing in mind that the sequence of tokens is as follows: 
CODING_STANDARD 
10 ■ SEQUENCE_START 

PICTURE_START 
TEMPORAL_REFEREHCE 
PICTUREJTYPE 

Picture containing DATA Tokens and other tokens 
15 * PICTURE_END 

PICTURE_START 

B. 12. 5.2*1 Input Control Logic 

20 From the power-up, ail tokens pass into FIFO 1 (called 

the current input FIFO) until the first PICTUREJTYPE token 
for an I or P picture is encountered. FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTUREJTYPE for an I or P picture is 

2 5 encountered and FIFO 1 becomes the current input FIFO 

again. Within I and P pictures, all tokens between 
PICTUREJTYPE and P I CTURE_END , except DATA Tokens, are 
discarded. This is to prevent motion vectors, etc. from 
being associated with the wrong pictures in the reordered 

3 0 stream, where they would have no meaning. 

A three-bit code is "put into the FIFO, along with the 
token stream, to indicate the presence of certain token 
headers. This saves having to perform token decoding on 
the output of the FIFOs. 
3 5 B. 12.5.2.2 Output Control Logic 

From the power-up, tokens are accepted from FIFO 1 
(called the current output FIFO) until a picture start code 
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is encountered, after which FIFO 2 becomes the current 
output FIFO. Referring back to Section 8.12.5.2.1, it can 
be seen that at this stage the three picture header tokens, 
PICTURE_START, TEMPORAL_REFER£NCE and PICTURE_START are 
5 retained in FIFO 1. The current output FIFO is swapped 
every time a picture start code is" encountered in an I or 
P frame. Accordingly, the three picture header tokens are 
stored until .the next I or P frame, at which time they will 
become associated with the correctly reordered data. B 

10 pictures are not reordered and, hence, pass through without 
any tokens being discarded* All tokens in the first 
picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 
Tokens in the token stream is replaced by reordered data 

15 from the DRAM Interface. During the first picture, 
"reordered" data is still present at the reordered data 
input because the Address Generator still requests the DRAM 
Interface to fetch it. This is considered garbage and is 
discarded . 
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SECTION B.13 The DRAM Interface 
B.13.I Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
5 block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

10 The DRAM Interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 

This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer, 

2 5 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
30 DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read Intra or Predicted data from the DRAM and the 

3 5 other two to read forward and backward prediction data. In 

the Video Formatter, one swing buffer is used to transfer 
data to the DRAM and the other three are used to read data 




566 

froa the DRAM, one of each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb respectively) , 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document. 
5 The following section describes the features peculiar to 
the Temporal Decoder. 

B.13.2 The Temporal Decoder DRAM Interface 

As mentioned in section B.13.1, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 

10 Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 

15 motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM) . This is illustrated in Figures 151 and 25, 
where the shaded area represents the block that is being 

2 0 formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks) , as shown by the big arrow , and 
a pixel offset, as shown by the little arrow. 

2 5 In the address generator, the frame pointer, base block 

address and vector offset are added to form the address of 
the block to be fetched from the DRAM. , If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 

3 0 are generated - the original block address and the one 

either immediately to the right or immediately below, with 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 
3 5 and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 
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Consider a pixel offset of (1, 1), as illustrated by the 
shaded area in Fig. 152 and Fig, 26 . The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
5 sequence of row addresses quickly. The solution is to use 
"start /stop" technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7)* Assume for the 
moment that one byte is being read at a time (i.e* an 8 bit 

10 DRAM Interface) . The x value in the- coordinate pair forms 
the three LSBs of the address, the y value the three MSBs. 
The x and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 

15 reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17, As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 

2 0 reached their stop values. Thus, the address sequence of 

9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

57, 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 
25 (0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 
30 so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 

3 5 Consider block A. At the start of reading, the swing 

buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the x inverse stop value forming the 3 LSBs. In this case, 
while the DRAM Interface is reading address 9 in the 
external DRAM, the swing buffer address is zero. The swing 
buffer address register is then incremented as the external 
5 DRAM address register is incremented, as illustrated in 
Table B. 13.1: 

Table B.13«l Illustration of Prediction Addressing 



1 

I 

£xt ORAM Address 


Swing Suff Address 


Ext ORAM Ad. 


Swing 2 xfi Ad. 






(Binary) 




9 = y-start. x-stan 


0 = y-stop. x-stop 


001 001 


' 000 CC0 j 




m no 


000 001 f 


! 




001 011 


000 010 j 


15 


5 


001 111 j 


ooo no j 


17 z y*j, x-scan 


8 = y+l, x-srop 


010 001 


001 ceo ! 


13 


9 


otooto 


oo: 001 



The discussion thus far has centered on an 8 bit DRAM 
Interface. In the case of a 16 or 32 bit interface, a few 

10 minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 
bit boundary. In the example we have been using, for block 
A, the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Next, the unwanted 

15 data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
physically bigger than was necessary in the 8 bit case) and 
reading with an offset. When performing MPEG half-pel 
interpolation, 9 bytes in x and/or y must be read from the 

20 DRAM Interface. In this case, the address generator 
provides the appropriate start and stop addresses and some 
additional logic* in the DRAM Interface is used, but there 
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is no fundamental change in the way the DRAM Interface 
operates . 

The final point to note about the Temporal Decoder DRAM 
Interface is that additional information must be provided 
5 to the prediction filters to indicate what processing is 
required on the data. This consists of the following: 



15 out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
Interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 
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•a "last byte" signal indicating the last byte of a 
transfer (of 64, 72 or 81 bytes) 
- an H.261 flag 

* a bidirectional prediction flag 

•two bits to indicate the block's dimensions (8 or 9 
bytes in x and y) 

• a two bit number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 
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SECTION B.14 UPI Documentation 

B . 14 . 1 Introduction 

This document is intended to give the reader an 
appreciation of the operation of the microprocessor 
5 interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
10 internal logic. The relevant schematics are: 
UPI 

UPI101 
UPI102 
DINLOGIC 
15 DINCELL 
UP IN 
TDET 

NONOVRLP 
WRTGEN 
2 0 READGEN 
VREFCKT 

The circuits UPI , UPI101, UPI102 are all the same except 
that the UPI01 has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
25 address input. 

Input I Output Signals 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
30 these signals: 

- NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

ElInputEnable signal 1, active low, from the Pad 
Input Driver (Schmitt) . 
35 E21nputEnable signal 2, active low, from the Pad 

Input Driver (Schmitt) . 

RNOTWInputRead not Write signal from the Pad Input 
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Driver (Schmitt) ♦ 

ADDRlN[7;0]InputAddress bus signals from the Pad 
Input Drivers (Schmitt) . 

N0TDIN[7 : 0]lnputlnput data bus from the Input Pad 
5 Drivers of the Bi-directional Microprocessor Data 

pins (TTLin) . 

INT_RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map) . 
10 INT__ADDR[7:0]OutputThe Internal Address Bus to all 

the circuits being accessed by the microprocessor 
interface (See memory map). 

INTDBUS[7;0]Input/OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
15 (See the memory map) and also the microprocessor data 
output pads. The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutputAn is an internal timing signal which 
indicates a read of a location in the device memory map. 
2 0 WRlTE_STROutputAn is an internal signal which indicates 

a write of a location in the internal memory map* 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 

2 5 " General Comments : 

The UPI schematic consists of 6 smaller modules: 
NONOVRLP, UPIN, DINLOGIC, VREFCKT , READGEN, WRTGEN. It 
should be noted from the overall list of signals that there 
ara no clock signals associated with the microprocessor 
30 interface other than the microprocessor bus timing signals 
which are asynchronous. to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 

3 5 external control. For example, stopping of the System 

clock externally while accessing the microprocessor 
interface on a test system. 
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The other implication of not having a clock in the UPI is 
that some internal timing is self timed. That is, the 
delay of some signals is controlled internally to the UPI 
block . 

5 The overall function of the UPI is to take the address, 

data and enable and read/write signals from the outside 
world and format them so that they can drive the internal 
circuits correctly. The internal signals that define 
access to the memory map are INT_RNOTW_INT_ADDR[ . . . ] , 

10 INTDBUS[ ♦ . . ] and READ_STR and WRITE_STR. The timing 
relationship of these signals is shown below for a read 
cycle and a write cycle. It should be noted that although 
the datasheet definition and the following diagram always 
shows a chip enable cycle, the circuit operation is such 

15 that the enable can be held low and the address can be 
cycled to do successive read or write operations. This 
function is possible because of the address transition 
circuits . 

Also, the presence of the INT_RN0TW and the READ_STR, 

20 WRITE_STR does reflect some redundancy. It allows internal 
circuits to use either a separate READ_STR and WRITE_STR 
(and ignore INTJRNOTW) or to use the INT_RNOTW and a 
separate Strobe signal (Strobe signal being derived from OR 
of READ_STR and WRITE_STR) . 

2 5 The internal databus is precharged High during a read 

cycle and it also has resistive pullups so that for 
extended periods when the internal data bus is not driven 
it will default to the OXFF condition. As the internal 
databus is the inverse of the data on the pins, this 

30 translates to 0x00 on the external pins, when they are 
enabled. This means that, if any external cycle accesses 
a register or a bit of a register which is a hole in the 
memory map, then the output data id determinate and is Low. 
Circuit Details : 

35 UPIN - 

This circuit is the overall change detect block. It 
contains a sub-circuit called TDET which is a single bit 
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change detect circuit. UPIN has a TDET module for each 
address bit and rnotw and for each enable signal. UPIN 
also contains some combinatorial logic to gate together the 
outputs of the change detect circuits. This gating 
5 generates the signals: 

TRAN- which indicates a transition on one of the 
input signals, and 

UPD-DONE- which indicates that transitions have been 
completed and a cycle can be performed. 
10 CHIP_EN- which indicates that the chip has been selected. 

TDET - 

This is the single bit change detect circuit. It 
consists of a 2 latches, and 2 exclusive OR gates. The 
first latch is clocked by the signal SAMPLE and the second 

15 by the signal UPDATE . These two non-overlapping signals 
come from the module NONOVRLP. The general operation is 
such that an input transition causes a CHANGE which, in 
turn, causes a SAMPLE. All input changes while SAMPLE is 
high are accepted and when input changes cease then CHANGE 

2 0 goes low and SAMPLE goes low which causes UPDATE to go high 
which then transfers data to the output latch and indicates 
UPDJDONE. 

NONOVRLP- 

This circuit is basically a non-overlapping clock 

2 5 generator which inputs TRAN and generates SAMPLE and 

UPDATE. The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed. 
DINLOGIC- 

30 This module consists of eight instances of the data input 

circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read^str is high. 

3 5 DINCELL- 

This circuit consists of the data input latch and a 
tristate driver* to drive the internal databus. Data from 
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the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
5 transistor and the bus pullup are also included in this 
module. 
WRTGEN- 

This module generates the WRITE_STR, and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 

10 timed signal, however, the self time delay is defined in 
the VREFCKT . The output from the timing circuit RESETWRITE 
is used to terminate the WRITE_STR signal. It should be 
noted that the actual write pulse which writes a register 
only occurs after an access cycle is concluded. This is 

15 because the data input to the chip is sampled only on the 
back edge of the cycle. Hence, data is only valid after a 
normal access cycle has concluded, 
READGEN- 

This circuit, as its name suggests, generates the 
2 0 READ__STR and it also generates the PRECH signal which is 
used to precharge the internal databus. The PRECH signal 
is also a self timed signal whose period is dependant on 
VREFCKT and also on the voltage on the internal databus. 
The READ_STR is not self timed, but lasts from the end of 

2 5 the precharge period until the end of the cycle. The 

precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 

3 0 precharged before a R£AD_STR begins. In order to stop a 

PRECH pulse tending to zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD . 
VREFCKT- 

3 5 The VREFCKT is the only circuit which controls the self 

timing of the interface. Both the delays, l/Width of 
WRITE_STR and 2/Width of PRECH, are controlled by a current 
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through a P transistor. The gate on this P transistor is 
controlled by a signal VREF and "this voltage is set by a 
diffusion resistor of 25K ohm. 
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SECTION CM Overview 
C. l. 1. Introduction 

The structure of the image Formatter, in accordance with 
the present invention, is shown in Figure 155. There are 
5 two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion and gamma correction, 

10 and a final control block which regulates the output of the 
processing pipeline. 
C*1.2 Buffer manager 

Tokens arriving at the input to the Image Formatter are 
buffered in the FIFO and then transferred into the buffer 

15 manager. This block detects the arrival of new pictures 
and determines the availability of a buffer in which to 
store each picture. If there is a buffer available, it is 
allocated to the arriving picture and its index is 
transferred to the write address generator . If there is no 

20 buffer available, the incoming picture will be stalled 
until one becomes available. All tokens are passed on to 
the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 

25 buffer manager for a new display buffer index. If there is 
a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator . If not , the 
buffer manager sends the index of the last buffer to be 

3 0 displayed. At start-up, zero is passed as the index until 
the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 

35 (presentation number) given the encoding frame rate. The 
expected number is determined by counting picture clock 




577 



pulses, where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g., 2-3 pull-down). 

External DRAM is used for the buffers, which can be 
5 either two or three in number. -Three are necessary if 
frame-rate conversion is to be effected. 
C.1.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 

10 Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
DRAM interface where it is written into a swing buffer. 
Note that DRAM addresses are block addresses, and pictures 

15 in the DRAM or organized as rasters of blocks. Incoming 
picture data, however, is actually organized sequences of 
macroblocks, so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 

20 The arrival buffer index provided by the buffer manager 

is used as an address offset for the whole of the picture 
being stored. Furthermore, each component is stored in a 
separate area within the specified buffer, so component 
offsets are also used in the calculation. 

2 5 c.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. In 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 

30 index from the buffer manager. Having received an index, 
it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 

35 synchronization (to an interlaced display) . At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 




573 



of the three components that are compatible with the page 
structure of the DRAM . The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts. 
5 C.1.5 Output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 

10 ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
output interface may hold the streams at this point until 
the display has reached an HSYSC. Thereafter, output 
controller directs the three components into one, two or 

15 three 8-bit buses, multiplexing as necessary. 
C.l.6 Timing Regimes 

There are basically two principal timing regimes 
associated with the Image Formatter, First, there is a 
system clock, which provides timing for the front end of 

20 the chip (address generators and buffer manager, plus the 
front end of the DRAM interface) . Second, there is a pixel 
clock which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline) . 
Each of the two aforementioned clocks drives a number of 

25 on-chip clock generators. The FIFO, buffer manager and 
read address generator operate from the same clock (D*) 
with the write address generator using a similar, but 
separate clock (W*) . Data is clocked into the DRAM 
interface on an internal DRAM interface clock, (out$) * D<t>, 

30 W<& and out* are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock. 

Data is read out of the DRAM interface on bifR*, and is 
transferred to the section of the output pipeline named 

35 f, bushy_ne M (north-east - by virtue of its physical 
location) which operates on clocks denoted by HE*. The 
section of the pipeline from the gamma RAMs onward is 
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clocked on a separate, but similar, clock (R$) . bifR*, NE* 
and R$ are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces between blocks 
have either snoopers or super-snoopers attached. This 
5 depends on the timing regimes and the type of access 
required* Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 
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SECTION C.2 Buffer Management 
C. 2 • 1 • Introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
three principal factors, each representing the effect of 
one of the timing regimes in operation. These are the rate 
at which picture data arrives at the input to Image 
Formatter (coded data rate) , the rate at which data is 
displayed (display data rate) , and the frame rate of the 
encoded video sequence (presentation rate) . 
c.2. 2 Functional Overview 

A three-buffer system allows the presentation rate and 
the display rate to differ (e.g., 2-3 pulldown), so that 
frames are either repeated or skipped as necessary to 
achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 
some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up". in a two- 
buffer system, the three timing regimes must be locked - it 
is the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 
-full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 
is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to which incoming data will 
be written) is allocated every time a PICTURE_START token 
is detected at the input. This buffer is then flagged as 
IN_USE. On PICTURE_END, the arrival buffer will be de- 
5 allocated (reset to zero) and the' buffer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. If 
10 there is a buffer flagged as READY, then that will be 
allocated to display by the buffer manager. If there is no 
READY buffer, the previously displayed buffer will be 
repeated . 

Each time the presentation number changes, it is detected 

15 and every buffer containing a complete picture is tested 
for READY-ness by examining the relationship between its 
picture number and the presentation number. Buffers are 
considered in turn. When any of the buffers are deemed to 
be READY, this automatically cancels the RtADY-ness of any 

20 buffer which was previously flagged as READY . The previous 
buffer is then flagged as EMPTY. This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later. 

TEMPORAL__REFERENCE tokens in H.261 cause a buffer's 

25 picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 
envisioned, is not currently included, however. Similarly, 
TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A- FLUSH token causes the input to stall until every 

30 buffer is either EMPTY, or has been allocated as the display 
buffer. Thereafter, presentation number and picture number 
are reset and a new sequence can commence. 
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c.2.3 Architecture 

C . 2 • 3 • 1 Interfaces 

C.2.3. 1.1. Interface to bin front 

All data is input to the buffer manager from the input 
5 FIFO, bm_front. This transfer takes place via a two-wire 
interface, the data being 8 bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
10 buffer requests in the event of significant gaps in the 
data upstream. 

C. 2. 3.1.2 Interface to waddrcren 

Tokens (8 bit data, l bit extension) are transferred to 
the write address generator via a two-wire interface. The 

15 arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTURE__START 
token arrives at waddrgen. 
c. 2. 3. 1.3 Interface to dispaddr 

20 The interface to the read address generator comprises two 

separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 

2 5 The sequence of events normally associated with the 

dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 

30 state machine, it will accept the request and go about 
allocating a buffer to be displayed. Thereafter, the 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 

35 associated with this last two-wire interface (rst_fld) 
which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C* 2. 3. 1.4 Microprocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
5 and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 
C. 2. 3. 1.5 Events 

10 The buffer manager is capable of producing two different 

events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PICTURE_START 
extension byte (picture index) matches the value written 
into the BUJBM_TARGET_IX register at setup. The second 

15 event occurs when a display buffer is allocated and its 
picture number is less than the current presentation 
number, i.e., the processing in the system pipeline up to 
the buffer manager has not managed to keep up with the 
presentation requirements . 

2 0 c. 2. 3. 1.6 Picture clock 

In the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or • taken from an external source 
(normally the display system) . The buffer manager accepts 

2 5 both of these signals and selects one based on the value of 

pclk_ext (a bit in the buffer manager's control register) . 
This signal also acts as the enable for the pad picoutpad, 
so that if the Image Formatter is generating its own 
picture clock, this signal is also available as an output 

3 0 from the chip. 

C.2.3.2. Major Blocks 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 
C. 2. 3 .2.1 Input /Output block (bm input) 
35 This module contains all of the hardware associated with 

the four two-wire interfaces of the buffer manager (input 
and output data, drq_valid/accept and disp_valid/accept ) . 
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The input data register is shown, together with some token 
decoding hardware attached thereto. The signal vheader at 
the input to bm_tokdec is used to ensure that the token 
decoder outputs can only be asserted at a point where a 
5 header would be valid (i.e., not in the middle of a token. 
The rtimd block acts as the output data registers, adjacent 
to the duplicate input data registers for the next block in 
the pipeline. This accounts for timing differences due to 
different clock generators. Signals go and ngo are based 

10 on the AND of data valid, accept and not stopped, and are 
used elsewhere in the state machine to indicate if things 
are "bunged up" at either the input or the output. 

The display index part of this module comprises the two- 
wire interfaces together with equivalent "go" signals as 

15 for data. The rst_fld bit also happens here, this being a 
signal which, if set, remains high until disp_valid has 
been high for one cycle. Thereafter, it is reset. In 
addition, rst_fld is reset after a FLUSH token has caused 
all of the external buffers to be flagged either as EMPTY 

20 or INFUSE by the display buffer. This is the same point at 
which both picture numbers and presentation number are 
reset . 

There is a small amount of additional circuitry 
associated with the input data register which appears at 

2 5 the next level up the hierarchy. This circuitry produces 

a signal which indicates that the input data register 
contains a value equal to that written into BU__BM_TARGIX 
and it is used for event generation. 
c. 2 .3.2* 2 Index block (bm index) 

3 0 The Index block consists mainly of the 2-bit registers 

denoting the various strategic buffer indices* These are 
arr_buf , the buffer to which arriving picture data is being 
written, disp_buf, the buffer from which picture data is 
being read for display, and rdy_buf, the index of the 
3 5 buffer containing the most up to date picture which could 
be displayed if a buffer was requested by dispaddr. There 
is also a register containing buf_ix, which is used as a 
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general pointer to a buffer. This register gets 

incremented ("D" input to mux) to cycle through the buffers 
examining their status, or which gets assigned the value of 
one of arr_buf, disp_buf or rdy_buf when the status needs 
5 changing. All of these registers (phO versions) are 
accessible from the microprocessor as part of the test 
address space, 01d_ix is just a re-timed version of buf_ix 
and is used for enabling buffer status and picture number 
registers in the bm_stus block. Both buf_ix and old_ix are 

10 decoded into three signals (each can hold the value 1 to 3) 
which are output from this block. Other outputs indicate 
whether buf_ix has the same value as either arr_buf or 
disp_buf, and whether either of rdy_buf and disp_buf have 
the value zero. Zero is not a reference to a buffer. It 

15 merely indicates that there is no arrival/display/ready 
buffer currently allocated, 

Arr_buf and disp_buf are enabled by their respective two- 
wire interface output accept registers. 

Additional circuitry at the bmlogic level is used to 

20 determine if the current buffer index (buf_ix) is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. A "1" in the control 
register indicates a three-buffer system, and a "0" 
indicates a two-buffer system, 

2 5 C«2.3«2»3 Buffer Status 

The main components in the buffer status are status and 
picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
slaves are the banks of three registers, and the master is 

3 0 a single register whose output is directed to one of the 

slaves (switched, using register enables, by old_ix) . One 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level) . Buffer status, which is decoded at the 
35 bmlogic level, for use in the state machine logic can take 
any of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 
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or the previous value incremented by one (or one plus 
delta, the difference between actual and expected temporal 
reference, in the case of H.261). This value is supplied 
by the 8-bit adder present in the block. The first input 
5 to this adder is this_pnum, the picture number of the data 
currently being written. 



Buffer Status 
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Table C.2.1 Buffer Status Values 

This needs to be stored separately (in its own master-slave 
arrangement) so that any of the three buffer picture number 

10 registers can be easily updated based on the current (or 
previous) picture number rather than on their own previous 
picture number (which is almost always out of date) . 
This pnum is reset to -1 so that when the first picture 
arrives it is added to the output from the adder and, 

15 hence, the input to the first buffer picture number 
register, is zero. 

Note that in the current version, delta is connected to 
zero because of the absence of the temporal reference block 
which should supply the value. 

2 0 C. 2. 3 ,2.4 Presentation Numfeer 

The 8-bit presentation number register has an associated 
presentation flag which is used in the state machine to 
indicate that the presentation number has changed since it 
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was last: examined* This is necessary because the picture 
clock is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number* The rest of the circuitry in this 
block is concerned with detecting that a picture clock 
pulse has occurred and " remembering" this fact. In this 
way, the presentation number can be updated at a time when 
it is valid to do so. A representative sequence of events 
is shown in Figure 156, The signal incr_prn goes active 
the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
en_ prnum. The reason for only allowing presentation number 
to be updated during certain states is because it is used 
to drive a significant amount of logic, including a 
standard-cell, not-very-fast 8-bit adder to provide the 
signal rdyst. It must, therefore, be changed only during 
states in which the subsequent state does not use the 
result, 

C .2.3.2 .5 Temporal Reference 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

The function of this block is to calculate delta, the 
difference between the temporal reference value received in 
a token in an H,261 data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 
tokens are ignored in all non-H.261 streams. The 
calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 
indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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In the invention, tr is reset to zero and loaded, when 
appropriate, from the input data register. Similarly, 
exptr is reset to -l, and is incremented by either l or 
delta during the sequence of temporal reference states. in 
5 addition, delta is reset to zero and is loaded with the 
difference between the other two registers. All three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
10 controlled by the signal delta calc. 
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C.2.3.2.6 Control Registers (bm urecrs) 

Control registers for the buffer manager reside in the 
block bm_uregs. These are the access bit register, setup 
register (defining the maximum number of external buffers, 
5 and internal/external picture clock) , and the target index 
register. The access bit is synchronized as expected. The 
signals stopd_0, stopd_l and nstopd_l are derived form the 
OR of the access bit and the two event stop bits. Upi 
address decoding for all of bmlogic is done by the block 

10 bm_udec, which takes the lower 4 bits of the upi data bus 
together with the 2 select signals from the Image Formatter 
top-level address decode. 
C.2.3.2.7 Controlling State Machine 

The state machine logic originally occupied its own 

15 block, bm_state» For code generation reasons, however, it 
has now been flattened and resides on sheet 2 of the 
bmlogic schematic . 

The main sections of this logic are the same. This 
includes the decoding, the generation of logic signals for 

20 the control of other bmlogic blocks, and the new state 
encoding, including the flags from_ps and from__fl which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm — stus and bm_index. 

2 5 Signals in the state machine hardware have been given 

simple alphabetic names for ease of typing and reference. 
They are all listed in Table C.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral M. description of bmlogic 

30 ( bmlogic . M) . 
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Signal Name 


Logtc Expression 


S 


j S i .PiC7UR£_SN0.(ix«arr) Jrdytsioar ! 


T 


* — ~ . , f 

b » * URE.ENO (ix*=a/r).rdytsUrdy«0).oar i 


! u 


S ' - = " CTlJR S_ENO.( i x==arr).rdy^t.(rdy' s O).oaf ! 


l w 


S»_P'CTURE_£NO.!oar j 


RcrVV 


ST_PiCTURc.£NO.!((ix=r*arr).oar) 


1 v - 


ST_.EMP_RSFO.ivr.oar , 


1 w . 


ST.T£MP.RErO.!(ivr.oar) j 


1 x 


ST_OUTPUT.TAIL.ivr.oar } 


Fr 


— . _ f 

ST_OUTPUT.TAlUvr.oar Jin extn j 




ST_OUTPUT_TAIL.!<ivr.oar) 1 
■ ■ . 1 


GG j 


5 i .UU r PUT_TA/L.!(ivr.oar).in_extn j 


OD 


ST.FLUSH.(ix«max).((bstaie«VAC)*((bstaui-.uSc).iix«disoj) 


Z 


ST_PLUSH.(ix!*max).((bsrate»VAC)*({bstateMUSE) *ix«-_iso» i 


DDorEE 


!{(bstate=VAC)+((bstate==USE).{ix=disp))+(ix=fnax) ! 


j AA j 


ST_ALLOC.(bsrate=-VAC).oa/ 1 


j SB 


S i _ALLOC.{bstate!*VAO.0x-»max) 1 


CC 


S i _ALLOC.(bstate!=VAC).(ix!*max) 


uu 


ST_ALLOC,!oar . 



Table C.2.2 Signal names Used 



in the State Machine 
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C. 2 . 3 . 2 . 8 — Monitor ing Operation (bminfol 

In the present invention, the module, bminfo, is included 
so that buffer status information, index values and 
presentation number can be observed during simulations. It 
is written in M and produces an output each time one of its 
inputs changes. 
C.2.3.3 Register Address Map 

The buffer manager's address space is split into two 
areas, user-accessible and test. There are, therefore, two 
separate enable wires derived from range decodes at the 
top-level. Table c.2.3 shows the user-accessible 

registers, and Table C.2.4 shows the contents of the test 
space. 
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s:«»r Sir-; 


ACC'*iS 


5 3 


State 




3U.3M.ACCSSS 


CHO 


PI 


- 


*ccws d>( for Su-«r — ana;er 


SU,5M_C?L0 


Cxi: 


[01 

CI 


t 
1 


wax Buf ISO. :->3 iu'e'S C->2 
External o»c!uf* c'ccx se*«c: 




0x:2 


(3 01 


OxO 


seiecrtrg a.-rrvai ;ic:-*s 


SU , BM _P ft = 3 „NUM 


0xi3 




0x00 


Presentation .-;.rreer 




0X14 




CxFF 


Current Oiciure -"cr'.^t' 




c*<s 


fTC] 


none 


Picture numoef »r 5u»er I 




OxtS 


[7.0| 


none 


Picture rtumo«f in Cu- er 2 


8U.SM_?fC_NUM2 


0x17 


P-oi 


none 


Picture numo*r m suffer 3 




0x!8 


HOI 


OxOO 


Temoorai re'ere'xe l f ofn stream 



Table C.2.3 User-Accessible Registers 



! 

j Reyster Narre 


A Ceres s 


I 

I 3 " 


! Seset 
[ Sute 




9U_3.M_e>*E5_=LAG 


CxSO 


, {0| 


j 0 


t Presentation *!ag 




0x81 


j f* oi 


1 OxF? 


Exocctw temocrai 'eference j 


aU_6M_TFt_0SLTA 


0xfl2 


! or 


| OxOO 


| Ce*ta j 




0x83 


t 0 OJ | 0*0 


Arms Suffer mcex 


3U_3M_0SPJX 


0x8* 


! O-OJ 


0x0 


Ot*o*ay suffer ma«x 


BU.SM.HOYJX 


OxflS 


I' oi 


j CO 


fleasy suffer mcex 


3U_8M,3STAT=3 


0x85 


I'tOf | 0x0 


Suffer 3 s:a?js 


| 3U_SW_3STAT£2 


'0x87 


('Oi 


0x0 


Suffer 2 status | 


| 3U_SM_SSTA7=l 


oxee 




( 0x0 


Suffer t starjji ; 


su.SMjNoex 


0x39 




0x0 


Currwt Suffer ncex ) 


3U.3M_STAT£ 


0i8A 


( 4 C I 


OxOO 


Suffer manager state j 


3U_8M_FaOMPS 


0x38 


[01 


0x0 


Ffom PICTURE.START | 
flag ! 


3U.3M.P«CMPL 


0x8C 


iC! 


0x0 


From FLUSH.TOKEN sag I 
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C.2.4 Operation of The Stat* Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
shown in Figure 157 , and also as described in the 
5 behavioral description bmlogic«M. 



State 


Value 


PRESO 


0x00 


PRSSl 


0x10 


ERROR 


0x1 F 


TEMP.REFO 


0x04 


TEMP.REF1 


0x05 


TEMP.REF2 


0x06 


TEMP.REF3 


0x07 


ALLOC 


0x03 


new.sxp.tr 


0x00 


SET_ARRJX 


OxOE 


NEW_P!C_NUM 


OxOF 


FLUSH 


0x01 


0R0 


0x00 


TOKEN 


OxOC 


OUTPUTTAIL 


0x08 


VACATE.ROY 


0x17 


USE_RDY 


OxOA 


VACATE_DiSP 


0x09 | 


PICTURE.ENO 


0x02 j 



Table C.2.5 Buffer States 
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C •2.4.1 The Reset 8t*t« 

The reset state is PRESO, with flags set to zero such 
that the main loop circulated initially. 
C.2.4.2 The Main Loop 

The main loop of the state machine comprises the states 
shown in Figure 153 (high-lighted in the main diagram - 
Figure 152) . States PRESO and PRES1 are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 
depend on the value of rdyst, the adder output signal 
described in C. 2. 3.2.4. If a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ. Each cycle around the PRES0-PRES1 loop examines 
a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and its 
status is updated. This process is repeated until all 
buffers have been examined (index — max buf ) and the state 
then advances. A buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pres_num)&&((pic_num - pres_num)>=128) 
or 

(pic_num<pres_num)&&{(pres_num - pic_num)<=128) 
or 

pic_num = pres_num 



State DRQ checks for a request for a display buffer 
(drq_valid_reg disp_acc_reg) . If there is no request 
the state advances (normally to state TOKEN - as will be 
described later) . Otherwise, a display buffer index is 
issued as follows. If there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 
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is ready for display, its index is issued and its state is 
updated. If necessary, the previous display buffer is 
cleared. The state machine then advances as before. 

State TOKEN is the typical option for completing the main 
5 loop. If there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections) , otherwise control returns to 
state PRESO. 

Control only diverges from the main loop when certain 
10 conditions are met. These are described in the following 
sect ions . 

C.2.4.3 Allocating The Ready Buffer Index 

If during the PRES0-PRES1 loop a buffer is determined to 
be ready, any previous ready buffer needs to be vacated 

15 because only one buffer can be designated ready at any 
time. State VACATE_RDY clears the old ready buffer by 
setting its state to VACANT, and it resets the buffer index 
to 1 so that when control returns to the PRESO state, all 
buffers will be tested for readiness. The reason for this 

20 is that the index is by now pointing at the previous ready 
buffer (for the purpose of clearing it) and there is no 
record of our intended new ready buffer index ♦ It is 
necessary, therefore, to re-test all of the buffers. 
C.2.4.4 Allocating The Display Buffer Index 

25 Allocation of the display buffer index takes place either 

directly from state DRQ (state USE_RDY) or via state 
VACATE_DISP which clears the old display buffer state. The 
chosen display buffer is flagged as IN_USE, the value of 
rdy_buf is set to zero, and the index is reset to 1 to 

3 0 return to state DRQ. Moreover, disp_buf is given the 
required index and the two-wire interface wires (disp_valid 
and drq_acc) are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN, FLUSH and ALLOC does not need to be made in state 

3 5 USE_RDY . 

C.2.4.5 Operation when PICTUR£_END Received 

On receipt of a PICTURE_END token, control transfers from 
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state TOKEN to state PICTURE_END where, if the index is not 
already pointing at the current arrival buffer, it is set 
to point there so that its status can be updated. Assuming 
both out_acc_reg and en_full are true, status can be 
5 updated as described below. If not, control remains in 
state PICTURE_END until they are both true. The en_full 
signal is supplied by the write address generator to 
indicate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore, 

10 safe to update the buffer status. 

The just-completed buffer is tested for readiness and 
given the status either FULL or READY depending on the 
result of the test. If it is ready, rdy_buf is given the 
value of its index and the set_la__ev signal (late arrival 

15 event) is set high (indicating that the expected display 
has got ahead in time of the decoding) . The new value of 
arr_buf now becomes zero and, if the previous ready buffer 
needs its status clearing, the index is set to point there 
and control moves to state VACATE_RDY. Otherwise, the 

20 index is reset to 1 and control returns to the start of the 
main loop. 

c.2.4.6 Operation When P I CTURE_ST ART Received (Allocation 
of Arrival Buffer) 

When a PICTURE^ START token arrives during state TOKEN, 
25 the flag from_ps is set, causing the basic state machine 
loop to be changed such that state ALLOC is visited instead 
of state TOKEN. State ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
30 one whose status is VACANT. A buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once a 
suitable arrival buffer has been found, the index is 
35 allocated to arr_buf and its status is flagged as INFUSE. 
Index is set to 1, the flag from_ps is reset, and the state 
is set to advance to NEW_EXP_TR. A check is made on the 




597 



picture's index (contained in .the word following the 
P I CTURE_ST ART ) to determine if it is the same as targ_ix 
(the target index specified at setup) and, if so, 
set_if+_ev (index found event) is set high. 
5 The three states NEW_EXP_TR, SET_.ARR_IX and NEW_PIC_NUM 

set up the new expected temporal reference and picture 
number for the incoming data. The middle state just sets 
the index to be arr_buf so that the correct picture number 
register is updated (note that this_pnum is also updated) . 

10 Control then proceeds to state OUTPUTJTAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point / the main 
loop is re-started. This means that whole data blocks (64 
items) are output, in between which, there are no tests for 

15 presentation flags or display requests. 
C •2.4*7 Operation When FLUSH Received 

A FLUSH token in the data stream indicates that sequence 
information (presentation number, picture number, rst_fld) 
should be reset. This can only occur when all of the data 

20 leading up to the FLUSH has been correctly processed. 
Accordingly, it is necessary, having received a FLUSH, to 
monitor the status of all of the buffers until it is 
certain that all frames have been handed over to the 
display, i.e., all but one of the buffers have status 

25 EMPTY, and the other is INFUSE (as the display buffer) . At 
that point, a "new sequence" can safely be used. 

When a FLUSH token is detected in state TOKEN, the flag 
from^fl is set, causing the basic state machine loop to be 
changed such that state FLUSH is visited instead of state 

30 TOKEN. State FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or IN_USE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 

35 When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst fid is set to 1. 
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The flag from_fl is reset and the normal main loop 
operation is resumed. 

C.2.4.8 Operation When TEMPORAL_REFER£NCE Received 

When a TEMPORAL_REFERENCE token is encountered, a check 
5 is made on the H.261 bit and, if set, the four states 
TEMP_REFO to TEMP_REF3 are visited. These perform the 
following operations : 

TEMP_REFO : temp_ref =in_data_reg ; 
TEMP_REF1 : delta=temp_ref -exp_tr ; index=arr_buf / 
10 TEMP_REF2 : exp_tr=delta+exp_tr ; 

TEMP_REF3 : pic_num [ i ] =this_pnum+de Ita ; index=l . 
C.2.4.9 Other Tokens and Tails 

State TOKEN passes control to state OUTPUTJTAIL in all 
cases other than those outlined above. Control remains 
15 here until the last word of the token is encountered 
(in_extn_reg is low) and the main loop is then re-entered. 
C.2.5 Applications Notes 

c.2.5.1 State Machine stalling Buffer Manager Input 

This requirement repeatedly check for the "asynchronous" 

20 timing events of picture clock and display buffer request. 
The necessity of having the buffer manager input stalled 
during these checks means that when there is a continuous 
supply of data at the input to the buffer manager, there 
will be a restriction on the data rate through the buffer 

2 5 manager. A typical sequence of states may be PRESO, PRES1, 
DRQ, TOKEN, OUTPUTJTAIL, each, with the exception of 
OUTPUTJTAIL, lasting one cycle. This means that for each 
block of 64 data items, there will be an overhead of 3 
cycles during which the input is stalled (during states 

30 PRESO, PRES1 and DRQ) thereby slowing the write rate by 
3/64 or approximately 5%. This number may occasionally 
increase to up to 13 cycles of overhead when auxiliary 
branches of the state machine are executed under worst-case 
conditions. Note that such large overheads will only apply 

35 on a once-per-f rame basis. 

C.2.5. 2 Presentation Number Behavior During An Access 

The particular embodiment of the bm^pres illustrated by 
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the schematic shown in C.2,3.2.4 means that presentation 
number free-runs during upi accesses. If presentation 
number is required to be the same when access is 
relinquished as it was when access was gained, this can be 
5 effected by reading presentation' number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness . 

10 c.2.5.3 H261 Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogic. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
bm_stus module. The delta input can be tied to zero if the 

15 frames are always sequential. 
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SECTION C.3 Write Address Generation 
c* 3 ♦ 1 Introduction 

The function of the write address generation hardware, 
in accordance with the present invention, is to produce 
5 block addresses for data to be written away to the buffers. 
This takes account of buffer base addresses, the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions, and coding 
standard. Data arrives in macroblock form, but must be 

10 stored so that lines may be retrieved easily for display, 
C.3. 2 Functional Overview 

Each time a new block arrives in the data stream 
(indicated by a DATA token), the write address generator is 
required to produce a new block address. It is not 

15 necessary to produce the address immediately, because up to 
64 data words can be stored by the DRAM interface (in the 
swing buffer) before the address is actually needed. This 
means that the various address components can be added to 
a running total in successive cycles, and thus, hence 

20 obviating the need for any hardware multipliers. The 
macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 

2 5 Considering the picture format shown in Figure 161, 

expected address sequences can be derived for both standard 
and H.261-like data streams. These are shown below. Note 
that the format does not actually conform to the H.261 
specification because the slices are not wide enough (3 

3 0 macroblocks rather than 11) but the same "half -picture- 

width-slice" concept is used here for convenience and the 
sequence is assumed to be "H. 261-type" ♦ Data arrives as 
full macroblocks, 4;2:0 in the example shown, and each 
component is stored in its own area of the specified 
35 buffer. 
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Standard address sequence: 
000.00 1 ,00C,00D, 1 00,200; 
002.003,OOE,OOF,101,201; 
004,005,010,011,102,202; 
006,007,012,013.103,203; 
003,009,014,015,104,105; 
OOA.008,01 6,01 7, 1 05,205; 
018,019,024,025,106,107; 
01A.01B.026 



080,081 ,08C,08D, 1 22,222; 
082,083,08E,08F, 123.223; 

H261-type sequence: 

000,001 ,00C,0OD, 100,200; 

002,0O3,Q0E,0OF,101,201; 

004,005,01 0,01 1 ,1 02,202; 

018,019,024.025,106,107; 

01A,01B,026,027,107,207; 

01 C,01D,028,029,1 08,208; 

030,031 ,03C t 03D t 10C,20C t 
032.033.03E.03F.10D.20D; 
034,035,040,041, 10E.20E; 
006,007,012,013,103,203; 
008,009,014,015,104,105; 
OOA,OOB,016,017,105,205; 
01 E,01 R02A.02B.1 09,209; 
020,02 1 ,020,020, 1 0A.20A; 
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022,023,02E,02F,10B,208; 
036,037,042,043, 1 0R20F; 
038,039,044,045,11 0,210; 
C3A,Q3B.046,047, 11 1,211; 
048,049,054.055,1 1 2,2 1 2; 
04A,04B,056 



06A,06B,076,077, 1 1 D.21 D; 
07E.07F.08A 1 08B,121.221; 
080,081,080.080,122,222; 
082,083,06E,08F,123;223; 

C. 3 • 3 Architecture 
C. 3 . 3 . 1 Interfaces 

c. 3. 3. 1.1 Interface to buffer manager 

The buffer manager outputs data and the buffer index 
5 directly to the write address generator* This is performed 
under the control of a two-wire-interface. In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely linked. They do, however, operate from 

10 two separate (but similar) clock generators. 
c. 3*3.1.2 Interface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire-interface, and the dramif uses each of them in 

15 different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. It is, therefore, 
synchronized at the output. 
c.3.3.1.3 Microprocessor Interface 

20 The write address generator uses three bits of 

microprocessor address space together with 8-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 
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C. 3. 3. 1.4 Events 

The write address generator is capable of producing five 
different events ♦ Two are in response to picture size 
information appearing in the data stream (hmbs and vmbs) , 
5 and three are in response to DEFINE_SAMPLING tokens (one 
event for each component. 
c.3.3.2 Basic Structure 

The structure of the write address generator is shown in 
the schematic waddrgen . sch . It comprises a datapath, some 
10 controlling logic, and snoopers and synchronization. 
C. 3. 3. 2.1 The Datapath (bwadpath) 

The datapath is of the type described in Chapter C.5 of 
this document, comprising an 18-bit adder/subtractor and 
register file (see c.3.3.4), and producing a zero flag 
15 (based on the adder output) for use in the control logic. 
C» 3.3*2.2 The Controlling Logic 

The controlling logic of the present invention consists 
of hardware to generate all of the register file load and 
drive signals, the adder control signals, the two-wire- 
20 interface signals, and also includes the writable control 
registers . 

C. 3. 3.2.3 Snoopers and Synchronization 

Super snoopers exist on both the data and address ports. 
Snoopers in the datapaths, controlled as super-snoopers 

25 from the zcells. The address has synchronization between 
the write address generator clock and the dramif's "elk" 
regime* Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 

3 0 c. 3*3*3 Controlling Logic and State Machine 
c. 3.3.3.1 input /Output Block (wa inout) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 
token decode) and arrival buffer index (for decoding four 

3 5 ways) . 

c.3.3.3.2 Two Cycle Control Block (va fc) 

The flag fc (first cycle) is maintained here and 




604 

indicates whether the state machine is in the middle of a 
two-cycle operation (i.e., an operation involving an add). 
C.3.3.3.3. Component Count (va comp) 

Separate addresses are required for data blocks in each 
5 component, and this block maintains the current component 
under consideration based on the type of DATA header 
received in the input stream. 
c. 3.3.3.4 Modulo-3 Control (wa mod3) 

When generating address sequences for H.261 data streams, 

10 it is necessary to count three rows of macroblocks to half 
way along the screen (see C.3.2). This is effected by 
maintaining a modulo-3 counter, incremented each time a new 
row of macroblocks is visited. 
C.3»3>3*5 Control Registers (wa ureas) 

15 Module wa_ uregs contains the setup register and the 

coding standard register - the latter is loaded from the 
data stream. The setup register uses 3 bits: QCIF (lsb) 
and the maximum component expected in the data stream (bits 
1 and 2) . The access bit also resides in this block 

20 (synchronized as usual) , with the "stopped" bits being 
derived at the next level up the hierarchy (walogic) as the 
OR of the access bit and the event stop bits. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 

2 5 and the lower two bits of the address bus. 

C. 3.3.3.6 Controlling State Machine (va state) 

The logic in this block is split into several distinct 
areas. The sate decode, new state encode, derivation of 
"intermediate" logic signals, datapath control signals 

30 (drivea, driveb, load, adder controls and select signals) , 
multiplexer controls, two-wire-interface controls, and the 
five event signals. 
c.3.3.3.7 Event Generation 

The five event bits are generated as a result of certain 

35 tokens arriving at the input. It is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 
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calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware.* 
C.3.3.4 Register Address Map 
5 There are- two sets of registers in the write address 

generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
C.3.1 and C.3.2, respectively. 



Renter Name 


Address 


Bits 


Reset 
State 


rur.ction * 

1 

i 


J 3U.WAO0R.CO0.S70 j 0x4 j 2 | 0 {Cod std (rem - aU wtam ' 


[ BU.WA00R.ACCESS 


0x5 | i 


0 I Access fcit | 
r i 


BU.WA00R.CTL1 


0x6 | 3 


0 


max corr.ponent(2. 1 j arc j 
CCIFfOj | 


9UJ.VA_AQOR.SNP2 


OxBO j a 




snooper on :ne write [ 

address ^eneraror j 

i 
f 

address c/o. j 


9UJWA.A0DR.SNPt 


oxsi j a 


3U.WA_ADOR.SNP0 


0x82 


3 


SU.WA.0ATA.SNPT 


0x34 J 8 




snoooer ondara ou:pu£ cf • 
WA ! 

t 


BU_WA.OATA.SNP0 


OxSS 


3 



10 



Table C3.1 Top-Level Registers 
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Keynote Register Name 



| Keynote j j 

} j Sits j Comment 

I caress j 



! 3U.WAOCa_SUFr£R0.3AS5_MSB 


J CxSS 


: 2 


! m,s;-s 


j 3U_WAOOR_3UFFER0_SASE_MlD 


1 CxS6 


• 3 


* Lcacec 


j 3U_WAODR_8UF?=R0_3ASH_LS3 


] Cx37 


3 




| 3U.WAC0R.3UFFERt_3AS=.MS3 


j 0x39 


2 


| l te:e 


j 3U.WA00fi_3UFFSHl,3ASc.M!0 


j 0x3a 




J Loac*c! 


j 3U_WAeCR_3UrF_Ri_3AS=_LS3 


OxSb 


! 3 j 


3U_WA00R_5UFrSR2_3ASe_MS3 




2 


j Must ze 


3U_WA0CR.3UFFER2.3ASE.MI0 


Ox8e 


3 


\ Lca^<^ 


3U_WACCH_3UFFSR2.3ASc.LS8 


QxBt 


8 1 


SU_WAOOR.CCMP0_HM8AOOR.MSa 


0x91 


2 


j .esicmy 


BU.WAOCR_COMP0_HM8AO0R.MIO 


0x92 


8 


3U_WACCR_CCMP0.HM8ADOR.LS3 


Cx93 


t 3 




3U.WA00R_CCMP1.HM3A00R_MS3 


0x95 


i 2 


i Tes; :~, 


j 3U_WAC0R_CCMP1_HMSAD0R_MI0 




3 


i 


| 3U_WAODR.CCMPt_HM8AOOR.LSB 


flr07 


3 


1 • 


1 3U.WA00R.COMP2.HM8A00R MSB 


firGO 


2 




| 3U.WA00R_CCMP2_HM8A00R_M1D 




8 


Tes; cniy | 


3U_WAD0R.COMP2.HMBAO0R.LS8 


uxvo 


a 


i i 


BU.WAOOR.COMP0.VM8AOOR.MS8 


0x9<5 


2 


Tes; cmy 1 


8U_WADOR_COMPO.VM8AOOR.M1D . 


Ox9e 


8 


1 

t 


SU.WA00R.COMP0_VM8A00R_LS8 


Ox9f 


8 


i 
| 


3U.WAOOR_COMP1_VM8ADDR.MSB 


Oxal 


2 j 


Tesr crty • 


8U_WA0CR_COMPt_VM8A0DR_MI0 


0xa2 


^ ! 


i 


3U_WA00R_COMPt_VM8A0DR_LS8 


0xa3 


3 I 




SU_WADDR.COMP2_VM8A00R.MS8 | 


0xa5 j 


2 i 

1 


Test cr./ 


BU_WAD0R_CCMP2_VMBADDR_MID 


OxaS 




i 


j 3U_WAC0R_CCMP2.VM8A0DR.LS8 


0xa7 | 


8 i 


i 
i 


' 3U_WADDR_VBA00R_MSB 


0xa9 | 


2 i 


Tes; cn.y ' 


3U_WA0CR.V8A0DR.Mt0 


Oxaa 


3 I 




3U.WA00R_V8A00R_LS8 


Oxab 


8 j 





Table C.3.2 Image Formatter Address Generator Keyhole 
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Keynote Regisier Name 


Keynote 
Address 


3tis | 


1 
t 
i 

Comments j 

I 


3U_WA00R_COMP0.HALF.WlOTHJN_aLOCKS.MS3 


Cxad 


2 i 


Must te j 

t 


SU.WAODR_CCMP0_HALF_WlDTHJN_3LOCKS.MIO 


Cxae 


a I 


t 


BU.WADOR.COMPO.HALF.WIOTHJN.BLOCKS.LSS 


Oxaf 


8 ! 




aU.WA00R.COMPl_HALF.Wi0THjN.8LOCKS.MSB 


Oxoi 


2 1 


Mus; ce ; 


SU_WAOOR.COMP1_HALF.WIOTHJN.9LOCKS.M10 


Oxb2 


8 


i 

Leasee t 


3U JWACOR.COMP 1 _HALF_WI0TH JN.3L0CKS.LSB 


0x&3 


8 1 




| SU_WA0CR_CCMP2_HALF_WI0THJN_BLOCKS_MSB 


QxbS 


2 i 




3U.WAOCR.COMP2.HALF.WtOTHJN.SLCCKS.MlO 


0xt>6 


i 

8 ! 




3U_WAC0R.COMP2_HALF_Wt0THjN_BLOCKS.LS8 


0xb7 


a ! 




SU.WA00R.HB.MS3 


0x&9 


1 2 


Test oniy 


8U.WA00R.HB.MI0 


Oxfca 


!■ 




3U.WAC0R.HB.LSB 


0x05 


1 3 




3UJWA0CR.COMP0.OFrSST.MS3 

i 


) Oxbd 


! 2 


Must te \ 


3U.WA0CR.COMP0.OFF3cT.MtO 


| OxDe 


3 


Leaded 


j 3U.WA0CR.CCMPQ.OFFScT_LS3 


j OxOf 


i 3 




i 3U WACCR CCMPt.OFFScTjvlSa 


t Oxct 


! 2 




! 3U.WA0CR.CCMP1.OFFSHT.MIO 


j Oxc2 


i 3 


Lcace<2 j 


| 3U.WACCR.CCMPt_QFr3eTJ.SS 


j Cxc3 


! 3 


i 
i 
i 


3U_WADDRj:OMP2_OFrS£T_M$8 


| OxcS 


i 2 

1 


Must tie 


3 U JWAOOR .C0MP2.0FFSHT.Mt0 


| 0xc6 


1 8 


Loaded 


SU_WA0CR.COMP2_0FFSeT.LSB 


j Cxc7 


1 3 




3U.WAC0R_SCRATCH_MSB 


j 0xc9 


1 2 


"esi on\y ] 


BU.WADOR.SCRATCH.MIO 


j Oxca 


! 3 


1 


3U.WA0CR_SCRATCH.LS3 


j Oxct> 


! « 


! 1 


BU.WA00R_M8S_WI0S.MS3 


Oxcd 


1 2 


Mus: se | 


j 3U_WAC0R_MBS.Wl0c_Ml0 


} Oxce 


1 8 


Laaced ' 


! 3U_WA00R_MBS.Wt0e.LSa 


[ Cxcf 


! 8 


i 


j 3U_WA00R_MBS_HIGH_MS3 


| Oxdt 


1 2 


Mus; ce j 

; i 


■ 3U_WAOOR_MBS_HIGH_M(0 


| 0xd2 


1 8 


! Leaded ! 


| 3U.WA0CR_MBS.HtGH.LS3 


| 0xd3 


3 


| S 



Table C.3.2 image Formatter Address Generator Kevhole 



(oO:£> 




3U_WA0Cn.C0MPt,BLQCK5.Pgfl.M8_ROW MID 



3U,WA00R,C0MP1.3L0CKS.P£R,M8.RQW LSB 



3U.WAQDR.COMP2.BICX:kS.P£R.M8.ROW_MSB 



3U.WA0DR,COMP2.8LOCKS.PgR,M8.ROW_MI0 



su.waoqr,comp2.3lcx:ks.per.mb.row_lss 



Qxtt 



0x101 



| 2 | Kiustte 



0x102 



j LoacecJ 



0x103 



Table c.3.2 image formatter Address Generator Keyhole 



Keynes newsier Name 


I 

AdtJfftSS 


3.;s 

t 




BLI_WADOR_COMP0_LAST_M8_RCW_MS8 


0x105 


2 


Must oe J 


8U_WAODR_COMP0_LAST_MB.ROW.MID 


0x106 


8 


Loaded 


BU.WA0DR_COMP0.bAST.MB.ROW.LSB 


0x107 


8 




3U_WA00R_COMP1_LAST.MB_ROW.MS8 


0x109 


2 


Must oe 


SU_WA00R_COMP1_LAST_MB_ROW_MtD 


0x10a 


8 


Loaded 


3U.WAD0R.COMP 1 _LAST_MB_ROW_LSB 


0x10b 


8 


i 


BU_WA0OR_COMP2_LAST_MS_ROW_MS8 


OxlOd 


2 


Must De ! 


BU_WAD0R_CCMP2_LAST_M8_ROW_MID 


0x1 Oe 


8 


Leaded 


BU_WA00R.COMP2_LAST_M8_ROW_LS8 


0x1 Of 


8 




8U.WAODR.COMP0.HBS.MS8 


0x111 


2 


Musi ze 


3U.WAODR.COMP0_HBS.MIO 


. 0x112 


8 


Loaded 


3U_WAODR_CCMP0_HBS_LS8 


0x113 


8 




8U.WA0DR.C0MP 1 .HBS.MSB 


0x115 


2 


Must oe 


8U.WADDR.C0MP 1 .HSS.MIO 


0x116 


8 


Loaded 


BU_WAD0R_C0MP1_H8S_LSB 


0x117 


3 




3U_WADDR_C0MP2.HBS.MSB 


0x119 


2 


Mus; re 


BU_WAD0R.COMP2_HBS.MID 


Oxlla 


8 


Loaded 


BU.WADDR_C0MP2.HBS.LS8 


Oxllb 


8 




BU_WADDR_COMP0.MAXH3 


OxlH 


2 


Must Ze i 


BU.WAOOR.COMP1_MAXHS 


0x123 


2 


j 

Loaded 


9U_WAOOR_COMP2.MAXHB 


0x127 


2 




BU.WAODR.COMPO.MAXVB 


0x12b 


2 


Must ce 


BU.WAODR.COMPI.MAXVB 


0x12f 


2 


Loaded 


8U_WADOR_COMP2.MAXVB 


0x133 


2 





Tabls C-3.2 Image Formatter Address Generator Keyhole 



The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
running totals of various (horizontal and vertical) block 
and" macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr CM3, and the 
picture size parameter registers are defined in the next 
section. 
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C.3.4 Programing the Writ* Address Generator 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162. 
5 l)WADDR_HALFJ*IDTH_IN_BLOCKS: this defines the 

half width, in blocks, of the incoming picture* 

2) WADDR_KBS_WIDE: this defines the width, in 
macroblocks, of the incoming picture. 

3) WADDR_MBS_HIGH: this defines the height, in 
10 macroblocks, of the incoming picture. 

4) WADDR_LAST_MB_IN_ROW: this defines the block 
number of the top left hand block of the 
last macroblock in a single, full-width row 
of macroblocks. block numbering starts at 

15 zero in the top left corner of the left-most 

macroblock, increases across the frame 
with each block and subsequently with each 
following row of blocks within the 
macroblock row. 

20 5) WADDR_LAST_MB_IN_HALF_ROW: this is similar 

to the previous item, but defines the block 
number of the top left block in the last 
macroblock in a half-width row of 
macroblocks . 

25 6) WADDR_LAST_ROW_IN_MB: this defines the block 

number of the left most block in the last 
row of blocks within a row of macroblocks. 

7) WADDR_BIX)CKS_PER_MB_ROW: this defines the 
total number of blocks contained in a 

3 0 single, full-width row of macroblocks. 

8) WADDR_LAST_MB_ROW: this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

3 5 9)WADDR_HBS: this defines the width in blocks 

of the incoming picture. 
10)WADDR MAXHB: this defines the block number 
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of the right-most block in a row of blocks in 
a single macroblock. 
11) WADDR_MAXVB: this defines the height-1, in 
blocks, of a single macroblock. 
5 In addition, the registers defining the organization of 

the DRAM must be programmed. These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data stream-; and can be 1 minimum 
10 and 3 maximum) . 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 
15 The screen configuration illustrated in Figure 162 yields 

the following register values: 

I )WADDR_HALF_W[DTH_iN_BLOCKS = 0x16 

2) WADDR_MBS_WIDE = 0x1 6 

3) WADDR_MBS_HIGH = 0x12 

4) WADDR_LAST_MBJN_ROW = 0x2A 

5) WADDR_lAST_MBJNJHALF_ROW = 0x14 

6 ) W A D D R_LA ST_ R O W J N_M B = 0x2C 

7) WADDR_BLOCKS__PER_MB_ROW = 0x58 

8) WADDR_LAST_MB_ROW = 0x5D8 

9) WADDRJHBS = 0x2C 

10) WADDR„MAXVB = 1 

I I )WADDR_MAXH3 = 1 
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C.3.5 Operation of The 8 tat* Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.3.3. These interact as 
shown in Figure 164 , and also as described in the 
5 behavioral description, bmlogic.M. 



State j vafue 


IDLE 


0x00 1 


DATA 


0x10 j 


CODING .STANDARD 


OxOC 


HORZ.MBSO 


0x07 


HOR2.MBS1 


0x06 


VERT_MBS0 


0x08 


VERT_M8St 


OxOA 


OUTPUT.TAiL 


0x08 


HB 


0x11 


MBO 


0x?D 


MB1 


0x12 


MB2 


OxiE 


M83 


0x13 


M&4 


OxOH 


MS5 


0x14 


MBo 


0x15 


M&4A 


0x18 



Table C.3.3 Write Address Generator States 
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Stat* 


Value 


MB4S 


0x09 


MS4C 


0x17 


M840 


0x16 


ADDFU 


0x19 


A00R2 


0x1 A 


-AD0R3 


0x1 B 


A0DR4 


OxIC 


AODRS 


0x03 


HSAMP 


0x05 


VSAMP 


0x04 


PIC.ST1 


OxOf 


PIC.ST2 


0x01 


PIC.ST3 


0x02 



Tabla C.3.3 Writa Address Gtntrator statas 
C.3,5,1 Calculation of tha Addrasa 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
5 164, On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDR1 and then through to state 
ADDR5, from which an 18-bit block address is output with 
two-wire-interface controls. The calculations performed by 
the states ADDR1 through to ADDR5 are; 
1 0 BU_WADDR_SCRATCH=BU_BUFFERn_BAS E 

+BU_COMPm_OFFSET ; 

BU_WADDR_SCRATCH=BU_WADDR_SCRATCH 
+BU_WADDR_VMBADDR ; 

BU_WADDR_SCRATCH=BU_WADDR-SCRATCH 
15 + BU_WADDR_HMB ADDR ; 

' BU_WADDR_SCRATCH=BU+WADDR_SCRATCH 
+BU__WADDR_VBADDR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB; 

The registers used are defined as follows: 
20 1) BU_WADDR_VMBADDR: the block address (the top left 

block) of the left-most macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU_WADDR_HMBADDR: the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained. 



5 



3) BU_WADDR_VBADDR: the block address, within the 
macroblock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 
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4) BU_WADDR_HB: the horizontal block number, within 
the macroblock, of the block whose address is 
being calculated. 



5) BU_WADDR_SCRATCH: the scratch register used for 
temporary storage of intermediate results. 



Considering Figure 163, and taking, for example, the 



15 calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 

SCRATCH=BUFFERn_BASE+COMPm_OFFSET; {assume 0) 

SCRATCH=0+0x5D8 ; 

SCRATCH=0x5D8+0x2 8 ; 
2 0 SCRATCH=0x600+0x2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure. 

C.3.5.2 Calculation of New Screen Location Parameters 

2 5 When the address has been output, the state machine 

continues to perform calculations in order to update the 
various screen location parameters described above. The 
states HB and MBO through to MB 6 do the calculations, 
transferring control at some point to state DATA from which 

3 0 the reminder of the DATA* Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
35 fixed (based on values in the setup registers derived from 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 
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zero flag is set) , control continues down the "MB" sequence 
of states. If not, all counts are deemed to be correct 
(ready for the next address calculation) and control 
transfers to state DATA. 
5 Note that all states which involve the use of an addition 

or subtraction take two cycles to complete (allowing the 
use of a standard, ripple-carry adder), this being effected 
by the use of a flag, fc (first cycle) which alternates 
between 1 and 0 for adder-based states. 
10 All of the address calculation and screen location 

calculation states allow data to be output assuming 
favorable two-wire interface conditions. 
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C. 3 . 5.2 . 1 Calculations for standard 

(MPEG-styl e) Seq uences 

The sequence of operations is as follows (in which the 
zero flag is based on the output of the adder) : 
states HB and MBO: 
scratch = hb - maxhb; 
if (z) 

hb = 0; 
else 
( 

hb - hb + i 
new_state = DATA; 

) 

states MB1 and MB2 : 

scratch = vb_addr - last__row_in_mb ; 
if (z) 

vb_addr = 0; 
else 

( 

vb_addr = vb_addr + width_in_blocks ; 
new_state = DATA; 

) 

states MB 3 and MB4 : 

scratch = hmb_addr - last_mb_in_row; 
if (2) 

hmb_addr = 0; 
else 
( 

hmb_addr = hmb_addr + maxhb; 
new_state = DATA; 

) 

states MB5 and MB 6 : 

scratch - vmb_addr - last_mb_row; 

if (!z) 

vmb_addr = vmb_addr + blocks_per_mb_row; 
(vmb_addr is reset after a PICTURE_START token is 
detected, rather than when the end of a picture is inferred 
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from the calculations) . 

C.3.5.2.2 Calc ulations for H.261 Sequences 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
5 states HB and MBO:-as above 

states MB1 and MB2:-as above 
states MB 3 and MB4 : 

scratch - hmb_addr - last_mb_in_row; 

if (2 & (mod3==2)) /*end of slice on right of screen*/ 
10 ( 

hmb_addr - 0 ; 
new_state - MBS; 

) 

else if (z) /*end of row on right of screen*/ 

15 ( 

hmb_addr = half _width_in_blocks ; 
new_state = MB4A; 

) 

else 
20 ( 

scratch = hmb_addr - last_mb_in__half _row; 
new-state = MB4B; 

} 
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state MB4A; 

^nb.addr = vnb_addr * blocks_per__fr.b„row; 
"ev_s:ace = DATA; 

state (MB4) and MB4B: 

•scratch - hmb^addr - lasc_mb_in_half_row ; } 

if (z 4 <mod3«2)) /*end of slice on left of screen-/ 

{ 

h.Ti3_addr = hnb_addr * caxhb; 
nev_state = MB4C; 

} 

else if (z) /'end of row on left of screen*/ 

( 

rj?JD_addr = 0 ; 
new_state = MB4A; 

} 

else 

c 

hr^b_addr = hmb_addr * maxhb; 
r.ew_state = DATA; 

} 

states MB4C and MB4D: 

vrob_addr * vmb.addr - blocks_per_mb_row; 
vmb_a ddr * vrnb^addr - bloc3cs__per_mb_row; 
new_s:ate « DATA; 

states MBSand M86:* as above 
C.3.5.3 Operation on PICTURE.START Token 

When a PICTURE.START token is received, control passes to state ?IC_ST1 where 
vb.addr register (BILWADDRJ/BADDR) is reset to 0. Each of states P1C_S72 and PIC.ST3 
then visited, once for each component, resetting hmb.addf and vmb_addr respective*/. Cor. 
then returns, via state OUTPUT_TAIL ( to IDLE. 
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C.3.5.3 Operation on PICTURE_START Token 

When a PICTURE_START token is received, control passes 
to state PIC^STl where the vb_addr register 
(BU_WADDR_VBADDR) is reset to 0. Each of states PIC_ST2 
5 and PIC_ST3 are then visited, once for each component, 
resetting hmb_addr and vmb_addr, respectively. Control 
then returns,, via state OUTPUT_TAIL, to IDLE . 
C.3.5.4 Operation on DEFINE_SAMPLING Token 

When a DEFINE_SAMPLING token is received, the component 

10 register is loaded with the least significant two bits of 
the input data. In addition, via states HSAMP and VSAMP, 
the maxhb and maxvb registers for that component are 
loaded. Furthermore, the appropriate define sampling event 
bit is triggered (delayed by one cycle to allow the whole 

15 token to be written) . 

C.3.5.5 Operation on HORIZONTAL_MBS and VERTICAL_MBS 

When each of H0RIZ0NTAL_MBS and VERTICAL_MBS arrive, the 
14-bit value contained in the token is written, in two 
cycles, to the appropriate register. The relevant event 

20 bit is triggered, delayed by one cycle. 
C.3.5.6 Other ToJcens 

The COD I NG__STANDARD token is detected and causes the top- 
level BU_WADDR_COD_STD- register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 

25 is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUT_TAIL, which accepts 
data until the token finishes. Mote, however, that it does 
not actually output any data. 
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SECTION C4 Read Address Generator 

C.4.1 Overview 

The read address generator of the present invention 
consists of four state machine/datapath blocks. The first, 
5 "dline" , generates line addresses -and distributes them to 
the other three (one for each component) identical 
page/block address generators, "dramctls". All blocks are 
linked by two wire interfaces. The modes of operation 
include all combinations of interlaced/progressive, first 

10 field upper/ lower, and frame start on upper/ lower/both . 
The Table C.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter C.13 
gives a programming example for both address generators, 
C.4.2 Line Address Generator (dline) 

15 This block calculates the line start addresses for each 

component. Table shows the 18 bit datapath registers 

in dline. 

Note the distinction between DISP_register_name and 
ADDR_register_name DISP _name registers are in dispaddr 
20 only and means that the register is specific to the display 
area to be read out of the DRAM ♦ ADDR_name means that the 
register describes something about the structure of the 
external buffers. 
. % Operation 

25 The basic operation of dline, ignoring all modes repeats 

etc. is: 

if (vsync — start) / * first active cycle of vsync*/ 
( 

comp = 0 

3 0 DISP J/B_CNT_COMP [ comp ] =0 ; 

LINE [ comp ]=BUFFER_BASE{ comp] +0; 

LINE [ comp J =LI NE { comp ] ^DI SP_C0MP_0FFSET [ comp ] ; 

wh i le ( VB_CNT_COMP [ comp ] <DISP_VBS_COMP [ comp ] 

( 

35 while ( 1 ine^count [ comp ] <8 ) 

( 
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( 

while (comp<3) 
( 

-OUTPUT LINE[comp]to dramct 1 [ comp ] 
5 1 ine [ comp ]=LINE( comp] +ADDR_HBS_COMP [ comp] ; 

comp = comp + 1; 

) 

line__count [ comp ] =line_count [ comp ] +1 ; 
) 

1 0 VB_CNT_COMP [ comp ] =VB_CNT_COMP [ comp ] + 1 ; 

1 ine_count [ comp ] ==0 ; 
) 
) 
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^agister Names 


3us 


Keynole 

i 

Address 


Dsscns iicn 


Zzrrrr.ens 




A 


OxOO.Q i .CZ.Q3 


Btccx address 


These registers 


3UFFE~._3ASc 1 


A 


QxQ4.u5.uo,u7 


of the start of 


must be loaded 


3UFr£=_BASH2 


A 


OxO3.09.Oa.0C5 


each Suffer. 


by the uct before 


DlS?_COMP_CFr3ET0 


3 


0x24.25,25.27 


Offsets from trie 


i 

operation can 


DtS?_CCMP_OFFSETt 


a 


0x29.29.2a.2b 


buffer base to 


be^:n. | 


Cl5?_::0MP_0FFSE72 


3 


Cx2c.2d.2e.2f 


where reading 
begins. 


j 

! 


C!SP_V3S_COMPO 


3 


0x30.31.32.33 


Numoer of 




01S?.V3S_CCMP1 


B 


0x34,35.36.37 


vertical blocks 




. OISP VBS COMP2 
i 

r 


B 


0x33.39.3a.3D 


to be read 




AOOR_H3S.COMP0 


8 


Ox3c,3d.3e.3f 


Number of 




AGCfl_H8S_COMPt 


3 


0x40.41.42.43 


horizontal 


t 


AC3n_-SS_COMP2 


B 


0x44.45,46,4 


blocks IN THE 
DATA 


i 

i 


j UNEO 


1* 


OxOc.Od.Oe.Of 


Current line 


These registers 


UNEt 


A 


Ocl0.l1.t2.t3 


address 


are temporary 


UNE2 


A 


0x14,15.15.17 




locations used 


OlSP.va.CNT.COMPO 


A 


0xl8.t9.1a.1G 


Number of 


by cisoaddr. ! 


| CHS? VB CNT COMP1 


A 


OxlcJd.te.tf 


vertical blocks 


[ ClSP_VS_CNT,COMP2 

i 

t 


A 


0x20.21.22.23 


remaining to be 
read. 


Note: AH 

reg:s:ers are Py ! 
W from the uct 



Table C.3.4 Dispaddr Datapath Registers 
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C*4«3 Dline Control Register* 

The above operation is modified by the dispaddr control 
registers which are shown in the Table C.4.3 below. 



Register Name 


Address 


Bits 


Reset 
State 




UN £ 5 JN_LAST_ROW0 


0x08 


[2:0] 


0x07-. 


These three registers 
determine me number of 
lines (out of 8) of the last 
row of blocks to read out 


UN £ 3_! N_LAST_ROW t 


0x09 


[2:0! 


0x07 


LIN E 5 JN JJ\ST_R0W2 


0x02 


[2:0] 


0x07 


CtSPACDR. ACCESS 


0x0b 


[0] 


0x00 


Access bit for eisoaddr 


ClSPADDR.CTLO 

See fceiow for a detailed 
description of these 

t 


0x0c 


(1:0] 


OrO 


SYNC_MOD£ 


(2) 


0x0 


R£AO_START 


[3] 


0x1 


INTERLACED/PROG 


W 


0x0 | LSBJNVERT 


\ control b<ts 


[7:5] 0x0 


LIN£_RPT j 


[ DISPADOR.CTU 


OxOd 


[0] 


0x1 


COMP0HOL0 j 



Otscacdr Control Registers 



TABLE C,4*3 CONTROL REGISTERS 
5 C • 4 . 3 . 1 LINES_IN_LAST_ROW [ component ] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read. Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 

10 the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines . 
C . 4 • 3 . 2 DISPADDR_ACCESS 

This is the access bit for the whole of dispaddr. On 

15 writing a "1 M to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain "O" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers. 
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Note that the upi is actively locked out from the datapath 
registers until the access bit is "1". In order for access 
to dispaddr to be achieved without disrupting the current 
display or datapath operation, access will only given and 
5 released under the following circumstances* 

Stopping: Access will only be granted if the datapath has 
finished its. current two cycle operation (if it were doing 
one) , and the "safe" signal from the output controller is 
high. This signal represents the area on the screen below 
10 the display window and is programmed in the output 
controller (not dispaddr) . Note: It is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
15 high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. If the software is too slow and doesn't 
20 release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost 11 picture (rather than rubbish) . 
C • 4 . 3 . 3 DISPADDR _CTLO [7:0] 

When reading the following descriptions, it is important 
2 5 to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field) , and frames (each buffer contains an entire frame - 
30 interlaced or not) 

DISPADDR_CTL0 [7:0] contains the following control bits: 
SYNC_MODE[ 1:0} 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_info pin. 
35 In this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and, 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 

0:New Display Buffer On Top Field 

1: Bottom Field 
5 2 : Both Fields 

3 : Both Fields 

At startup, dispaddr will request a buffer from the 
buffer manager on every vsync. Until a buffer is ready, 
dispaddr will receive a zero (no display) buffer. When it 
10 finally gets a good buffer index, dispaddr has no idea 
where it is on the display. It may, therefore, be 
necessary to synchronize the display startup with the 
correct vsync. 

READ_START 

15 For interlaced displays at startup, this bit determines 

on which vsync display will actually start. Furthermore, 
having received a display buffer index, dispaddr may "sit 
out" the current vsync in order to line up fields on the 
display with the fields in the buffer. 
2 0 INTERLACED/ PROGRESSIVE 

0 : Progressive 
1 : Interlaced 

In progressive mode, all lines are read out of the 
display area of the buffer. In interlaced mode, only 

2 5 alternate lines are read. Whether reading starts on the 
first or second line depends on field^info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be 
progressive. The mapping between field_info and 

30 first/second line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_INVERT 

When set, this bit inverts the field_info signal seen by 
the line counter. Thus, reading may be started on the 
25 correct line of a frame and aligned to the display 
regardless of the convention adopted by the encoder, the 
display or the Top-Level Registers. 
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LINE_RPT[2:0] 

Each bit, when set, causes the lines of the corresponding 
component to be read twice (bit 0 affects component 0 
etc.). This forms the first part of the vertical 
5 unsampling. It is used in the 3 times chroma upsampling 
required for conversion from QFIF to 601. 
COMPOHOLD 

This bit is used to program the ratio of the number of 
lines to be read (as opposed to displayed) for component 0 
10 to those of components 1 and 2)* 

0: Same number of lines, i*e., 4:4:4 data in 
the buffers. 

1: Twice as many component 0 lines, i.e., 4:2:0, 
Page/Block Address Generators (dramctls) 
15 When passed a line address, these blocks generate a 

series of page/line addresses and blocks to read along the 
line. The minimum page width of 8 blocks is always assumed 
and the resulting outputs consist of a page address, a 3 
bit line number, a 3 bit block start, and a 3 bit block 
20 stop address. (The line number is calculated by dline and 
passed through the dramctls unmodified) . Thus, to read out 
48 pixels of line 5 form page Oxaa starting from the third 
block from the left (an arbitrary point along an arbitrary 
line) , the addresses passed to the DRAM interface would be: 
25 Page = Oxaa 

Line - 5 

Block start = 2 
Block stop = 7 

Each of these three machines has 5 datapath registers. 
30 These are shown in Table C.3.4. The basic behavior of each 
dramctl is: 
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Block start = 2 
Block stop =7 

Each of these three machines has 5 datapath registers. These are shown in Table C.3A % 

The basic behaviour of each dramctl is:- 
while (true) 

{ 

CNT.LEFT = 0; 

GET.A.NEW.LINE.ADDRESS from dline; 
BLOCK.ADDR = input.biock.addr + 0; 
PAG EVADOR = input_page_addr + 0; 
CNT.LEFT = DISP.HBS + 0; 
while (CNT.LEFT > BLOCKS J-EFT) 

{ 

BLOCKS.LEFT = 8 * BLOCK.ADDR; 

— > output PAGE.ADDR. start=BLOC K.AD D R , stop=7. 

PAG EVADOR - PAG EVADOR + 1; 

BLOCK.ADOR = 0; 

CNT.LEFT x CNT.LEFT - BLOCKS.LEFT; 

} 

r Last Page of line 7 

CNT.LEFT = CNT.LEFT + BLOCK.ADDR; 
CNT_LEFT = CNT.LEFT - 1 ; 

— > output PAGE.ADDR t start=8LOCK.ADDR,stop=CNT.LEFT 

} 
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Table c.3.5 Dramctl(0,l &2) Datapath Registers 



Table C.3.5 Dramctt{0,1 & 2) Datapath Registers 



Register Names 


9uS 


Keyhole 
Address 


Description 


Comments 


0f5?_COMP0_H8S 


A 


0x43,49,43,46 


The number of 
horizontal 
blocks to be 
read.c.f. 
AD0R.H8S 


Thts register 
must be loaded 
before 

operation can 
ce^m. 


DlS?_COMPl_HBS 


A | 0xdc,4<3,4« t 4( 


OIS?_COM?2_H8S 


A 


0x50,5 1. 52.53 


CN7.LHFT0 


A 0x54.55.56,57 


Number of 
blocks remaining 
to be read 


These registers 
are temporary 
locations used 
by C'.szaCtr. 

Note; All 
registers are R/ 
W from the upr 


CNT^LEfTl 


A 


0x5S,59,5a,5b 


CNT_LE=72 


A 


0x5c,5d,5e,5f 


PAGE.AOCRO 


A 


0x60,61,62.63 


The address ol 
the current 
page. 


PAGS..AOOR1 


A 


0x64,55,56,67 


PAGE.AODR2 


A 


0x68,69, 6a f 6b 


3LCCK.ADOR0 


B 


0x6c,6d.6e,6f 


Current block 
address 


3UCCK.AOOR1 


B 


0x70.71. 72 ,73 


3LCCX.ADOR2 


3 


0x74,75,76,77 


3lOCXS,L£F70 


B 0x78,79.7a.7b 


Blocks ietl in 
current page 


3LOCKSJ-SFT1 


B | 0x7e,7d,7e,7f 


3LOCKS,LHFT2 


B 


0x80,81,82.83 



Programming 

The following 15 dispaddr registers must be programmed before operation can begin. 

BUFF5R_BASE0,1,2 

D!SP_COMP_OFFSE70.1,2 

DISPJ/BS_COMP0,1,2 

ADDR_HBS_COMP0.1 ,2 

DISP_COMP0,1.2_HBS 
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Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(f ield_inf o=HIGH) . Figure 159, "Buffer 0 Containing a SIF 
(22 by 18 macroblocks) picture," shows a typical buffer 
setup for a SIF picture. (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COMPn is equal to ADDR_HBS_COMPn and likewise the 
vertical registers DISP_VBS_COMPn antf the equivalent write 
address generator register are equal, i.e., the area to be 
read is the entire buffer. 

Windowing with the Read Address Generator 
It is possible to program dispaddr such that it will read 
only a portion (window) of the buffer. The size of the 
window is programmed for each component by the registers 
DISP_HBS, DISP_VBS, COMPONENT_OFFSET, .and 
LINES_IN_LAST_ROW. Figure 160, "SIF Component O with a 
display window," shows how this is achieved (for component 
O only) . 

In this example, the register setting would be: 

BUFFER_BASEO * OxOO 

DISP_COMP_OFFSETO = Ox2D 

DISP_VBS_COKPO = 0x22 

ADDR_HBS_C0MP0 = 0x2 C 

DISP_HBS_C0M0 = 0X2A 

Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_IN_LAST_ROW equal to 
7 (meaning all eight) . 

•This example is not practical with anything other than 
4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries . 

•The color space converter will hang up if the data it 
receives is not 4:4:4. This means that these read 
windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.S Datapaths for Address Generation 

The datapaths used in dispaddr and vaddrgen are identical 
in structure and width (18 bits) , only differing in the 
number of registers, some masking, and the flags returned 
5 to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath, w . Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load* signals are driven. 
10 All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, "Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
back into the "A" bus register. The various flags are 
15 w phO M ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 
20 allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and write: 

•Writing: When the access bit is set, all load signals 
25 are disabled and one of a set of three byte addressed 

write strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 
3 0 ^Reading: This is achieved using the A and B buses. 

Once again, the access bit must be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
onto the upi bus. 
35 As double cycle datapath operations require the A and B 

buses to retain their values, and upi accesses disrupt 




630 



these, access must only be given by the controlling state 
machine before the start of any datapath operation. 

All datapath registers in both address generators are 
addressed through a 9 bit wide keyhole at the top level 
5 address 0x28 (msb) and 0x29 (Isb) for the keyhole, and Ox2A 
for the data. The keyhole addresses are given in Table 
C.11.2. 

Notes : 

1)A11 address registers in the address 
10 generators (dispaddr and waddrgen) contain 

blocked addresses. Pixel addresses are never 
used and the only registers containing line 
addresses are the three LINES_IN_LAST_ROW 
registers . 

15 2) Some registers are duplicated between the 

address generators, e.g., BUFFER_BASE0 occurs 
in the address space for dispaddr and 
waddrgen. These are two separate registers 
which BOTH need loading. This allows display 

20 windowing (only reading a portion of the 

display store) , and eases the display of 
formats other than 3 component video. 
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SECTION C6 The DRAM Interface 

C.6.1 Overview 

In the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
5 block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

10 The DRAM Interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

25 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 

30 DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 

35 Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
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the DRAM, one for each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb, respectively) . 

The operation of a generic DRAM Interface is described 
in the Spacial Decoder document. The following section 
5 describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to the 
Video Formatter. 

C.6.2 The Video Formatter DRAM Interface 

In the video formatter, data is written into the external 
10 DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 

The data in the Video Formatter external DRAM is 
organized so that at least 8 blocks of data fit into a 

15 single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 

20 interface), the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out. At 
this point, the top part of the address (bit 6 and above - 
LSB = bit 0) is incremented and the x address (3 LSBs) is 

25 reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM, the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 

30 that less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above) , and the stop 

3 5 value is compared with this and a signal generated which 
indicates when reading should stop. 
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SECTION C.7 Vertical Upsampling 

C. 7 ♦ x Introduction 

Given a raster scan of pixels of one color component at 
its input, the vertical upsampler in accordance with the 
5 present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways. 
C.7. 2 Ports 

Input two wire interface: 
10 »in_valid 

• in_accept 

•in_data[7 :0] 

• in__lastpel 

• in_lastline 
15 Output two wire interface: 

•out_valid 

*out_accept 

•out_data[9 : 0] 

•out_last 
2 0 mode [2:0] 

nupdata(7 :0] , upaddr, upsel[3:0], uprstr, upwstr 
ramtest 

tdin, tdout, tpho, tckm, tcks 
phO, phi, notrsto 
2 5 C.7.3 Mode 

As selected by the input bus mode[2:0]. 
Mode register values 1 and 7 are not used. 
In each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. No rounding or 
30 truncation takes place in this block. Where necessary, 
values are shifted left to use the same range. 
C.7. 3.1 Mode 0:Fifo 

The block simply acts as a FIFO store. The number of 
output pixels is exactly the same as at the input. The 
35 values are shifted left by two. 
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C.7.3.2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again, the pixel values are 
shifted left by two. 
5 A-> ABACSDBCCDD 

C.7.3.3 Mode 4: Lower 

Each input line produces two output lines. In this 
" lower 11 mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
10 the pair is the average of the current input line and the 
previous input line. In the case of the first input line, 
where there is no previous line to use, the input line is 
repeated. 

This should be selected where chroma samples are co-sited 
15 with the lower luma samples. 

A-> ABAC (A+B) /2DB(B+C) /2C(C+D) /2D 
C.7.3.4 Mode 5: Upper 

Similar to the "lower" mode, but in this case the input 
line forms the upper of the output pair, and the lower is 
20 the average of adjacent input lines. The last output line 
is a repeat of the last input line. 

This should be selected where chroma samples are co-sited 
with the upper luma samples. 

A-> AB ( A+B) / 2CBD (B+C) / 2C ( C+D) /2DD 

2 5 C. 7,3.5 Mode 6: Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. In order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 
30 A - > AB(3A + B) / 4C(A + 3B) / 4D(3B^C) /4 (B + 3C) /4 

( 30D) /4 (C+3D) /4D 
c.7.4 How It WorXs 

There are two linestores, imaginatively designated a 
and "b" . In "FIFO" and "repeat" modes, only linestore "a" 

3 5 is used. Each store can accommodate a line of up to 512 

pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in "FIFO" mode. 

The input signals in_lastpel and in_lastline are used to 
indicate the end of the input line and the end of the 
picture. In_lastpel # it should be high coincident with the 
5 last pixel of each line. In_lastline , it should be high 
coincident with the last pixel of the last line of the 
picture. 

The output signal out_last is high coincident with the 
last pixel of each output line. 

10 In "repeat" mode, each line is written into store "a". 

The line is then read out twice. As it is read out for the 
second time, the next line may start to be written. 

In "lower", "upper" and "central" modes, lines are 
written alternately into stores "a" and "b". The first 

15 line of a picture is always written into store "a". Two 
tiny state machines, one for each store, keep track of what 
is in each store and which output line is being formed. 
From these states are generated the read and write requests 
to the linestore RAMs, and the signals that determine when 

20 the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in_lastpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C.7.5 UPI 

25 This block contains two 512 x 8 bit RAM arrays, which may 

be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Samplers 

C.8.1 Overview 

In the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers, one for each color 
component. All three are controlled independently and, 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 
Horizontal Up-sampler is mapped into a different set of 
addresses in the memory map. 

The Horizontal Up-sampler performs a combined replication 
and filtering operation. In all, there are four modes of 
operation : 

Table C.7.1 Horizontal Up-sampler Modes 



Mode 


Function 


0 


Straight-through (no processing). The reset state. j 
— i 


1 


No up-sampltng, filter using a 3-tap FIR filter. 


2 


x2 up-sampling and filtering 


3 


x4 up-sampling and filtering 



C.8. 2 Using a Horizontal Up-sampler 

15 The address map for each Horizontal Up-sampler consists 

of 25 locations corresponding to 12 13-bit coefficient 
registers and one 2-bit mode register. The number written 
to the mode register determines the mode of operation, as 
outlined in Table C.7.1. Depending on the mode, some or 

20 all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x n , is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 

25 as follows: 
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Table C.7.2 Coefficients for Mode 1 



Ccetf 


Alt ciocx periods 


*0 J COO : 


kl j C10 


Jc2 


cZO 



Table C.7.3 Coefficients for Mode 2 



CO€ff 


1st clock oenod 


2nd clock o«nod 




cOO 


cOt 


l>. 


ciO 


CM 


k2 


c20 


c2\ 



Table C.7,4 Coefficients for Mode 3 



Coeff 


1 st clock period 


2nd ciock penod 


3rd clock penod 


Mft cjcck c« r iod ! 

i 


! kO 


cOO 


c01 


c02 


c03 j 


_ 

i xi 


ClO 


C11 


d2 


C13 j 


! <2 

1 


c20 


c2\ 


c22 


c23 . 
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Coefficients which are not used in a particular mode need 
not be programmed when operating in that mode. 

In order to achieve symmetrical filtering, the first and 
last pixels of each line are repeated prior to filtering. 
5 For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because- residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
10 input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. A n - M indicates 
15 that the value of the coefficient is "don't care." All 
values are in hexadecimal. 



Table C.7.5 Sample Coefficients 



i 

i Coe^-sient 


x2 up-sample, a/p pels 
coincident with i/o 


r2 up-sample, o/p pets m 
between Vp 


x4 up'Samtie. c/p re s r. \ 

i 

cerween p j 


: COO 


0000 


01BD 


00E9 I 


i c01 

1 


0000 


01 OB 


00B6 I 


i cG2 






012A ! 


j c03 






0102 ; 


j C10 


0800 


0538 


0651 


C11 


0400 


0538 


0661 


| c12 






04^6 


} ci 3 






029F 


; c20 


0000 


0108 


0055 


; c21 


0400 


01BO 


| 0OE3 


c22 ! 


0290 
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C*8+3 Description of a Horiiontal Up-Sampler 

The datapath of the Horizontal Up-sampler is illustrated 
in Figure 168. 

The operation is outlined below for the x4 upsample case. 
5 In addition, x2 upsampling and xl filtering (modes 2 and l) 
are degenerate cases of this, and bypass (mode 0) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated. 

1) When valid data is latched in the input 

10 latch ("L") , it is held for 4 clock periods. 

2) The coefficient registers (labelled w COEFF") are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
15 "PIPE") are clocked. Thus, for input data x,,, 

the first PIPE will fill up with the values cOO.x,, 
cOl.Xg, C02.X,,, C03.X,,. 

3) Similarly, the second multiplier will multiply 

by of its coefficients, in turn, and the third 
20 multiplier by all its coefficients, in turn- 

It can be seen that the output will be of the form shown 
in Table C. 7 . 6 

Table C.7.6 output Sequence for Mode 3 



CiocW Penod 


Output 


° 




-ctCLx^t 


* c00.x„. ? 


1 




♦ct1.ac„., 




2 




*ct2.x n . 1 


+ CC2.X*. 2 


3 




* ;Cl3.3t,.i 





From the point of view of the output, each clock period 
2 5 produces an individual pixel. Since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values) , this can 
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be thought of as implementing a 12 tap filter on x4 up- 
sampled input pixels. 

For x2 upsampling , the operation is essentially the same, 
except the input data is only held for two clock periods. 
5 Furthermore, only two coefficients are used and the "PIPE" 
blocks are shortened by means of the multiplexers 
illustrated. For xl filtering, the input is only held for 
one clock period. As expected, one coefficient and one 
"PIPE" stage are used. 
10 We now discuss a few notes about some peculiarities of 

the implementation in the present invention. 

1) The datapath width and coefficient width (13 bit 2's 
complement) were chosen so that the same multiplier 
could be used, as was designed for the Color-Space 

15 Converter. These widths are more than adequate for the 

purpose of the Horizontal Up-sampler. 

2) The multiplexers which multiplex the coefficients onto 
the multipliers are shared with the UP I readback. This 
has led to some complications in the structure of the 

20 schematics (primarily because of difficulty in CCODE 

generation) , but the actual circuit is smaller. 

3 ) As in the Color-Space Converter, carry-save 
multipliers are used, the result only being resolved at 
the end. 

25 Control for the entire Horizontal Up-sampler can be 

regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
via the UPI determines the length of a programmable shift 

30 register (bob) . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
clock periods. This, in turn, controls the main state 
machine, whose state is also determined by in_valid, 
out_accept (for the two-wire interface) and the signal 

35 !, in_last" . This signal is passed on from the vertical up- 
sampler and is high for the last pixel of every line. This 
allows the first and last pixels of each line to te 
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replicated twice-over and the clearing down of the pipeline 
between lines (the pipeline contains partially-processed 
redundant data immediately after a line has been 
completed) . 
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SECTION C.9 The Color-Space Converter 

C.9.1 Overview 

The Color-Space Converter in the present invention (CSC) 
performs a 3x3 matrix multiplication on the incoming 9-bit 
5 data, followed by an addition; 







c01 c02 c03 




*0 




c04 


yi 




c11 c12 c13 


X 


x1 


+ 


c14 


v2 




_c12 c22 c23 




x2j 




_c24j 



Where xO-2 are the input data, yO-2 are the output data 
and cnm are the coefficients. The slightly unconventional 
naming of the matrix coefficients is deliberate, since the 
names correspond to signal names in the schematics. 
10 The CSC is capable of performing conversions between a 

number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 

E Rt Eq, E q — > Y 9 C R , C B 
Y, C R , C 3 -> tf, G, B 



Where R , G and B are in the range (0..511) and all other 
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quantities are in the range of ( 32., 470). Since the input 
to the Top-Level Registers CSC is Y, c R , C t) , only the third 
and fourth of these equations are of relevance. 

In the CSC design, the precision of the coefficients was 
5 chosen so that, for 9 bit data,' all output values were 
within plus or minus 1 bit of the values produced by a full 
floating point simulation of the algorithm (this is the 
best accuracy that it is possible to achieve) . This gave 
13 bit twos-complement coefficients for cxO-cx3 and 14 bit 
10 twos-complement coefficients for cx4 . The coefficients for 
all the design conversions are given below in both decimal 
and hex. 

Table C.8.1 Coefficients for Various Conversions 













Cceff ] Oec 


Hex 


Oec 


Hex j Oec 


Hex 


Dec j -ex 


cOi • 0-299 


0132 


0.256 j 


1.0 


0400 


1.159 \ 


; c02 : o.sar 


0259 


0.502 




1.402 


esse | ! :es = 


j c03 | O.tU 


0075 { 0.098 




0.0 


cooo 


oo 1 :c:c 


' rO* ! 0.0 


0000 


15 




-179.456 


FdCB j -223 473 ; =153 


CM 1 0.5 


0200 j 0.423 




1.0 


0400 






-0.419 


FE53 


-0.353 




-0714 


F025 


-0.3:5 j FCA? 


'; cl3 j -0.081 


FFAO 


-0.070 




-0.344 


FSA0 j -0.4C2 j 'r>i . 


! cU | 123.0 


0800 


128 




135.5 


0878 


1337 j C62A ■ 


c21 


-0.169 


FF53 






1.0 


0400 


1.1 5? j u4Aw 


c22 j -0.33 1 


F=AQ 


-0.233 




0.0 


ooco 


o.o j :c:o ' 


c23 | 0.5 


0200 


0.427 




1.772 


0717 


2.071 1 C849 , 


c24 j 123 


0800 


128 | 


-225.816 


F102 


-2S3S4 | =H42 



All these numbers are calculated from the fundamental 
15 equation: 

Y = 0.299E R +0.587E G +0.0114E f} 
and the following color-difference equations: 

C a =E B — Y 
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The equations in R , G and B are derived from these after 
the full-scale ranges of these quantities are considered. 
C.9*2 Using the Color-Space Converter 

On reset, cOl, cl2, and c23 are set to 1 and all other 
5 coefficients are set to 0. Thus, -yQ-xO, yl~xl and y2=x2 
and all data is passed through unaltered. To select a 
color-space .conversion, simply write the appropriate 
coefficients (from Table C.8.1, for example) into the 
locations specified in the address map, 
10 Referring to the schematics, xQ.*2 correspond to 

in_data0.,2 and y0..2 correspond to out_dataO . „ 2 . Users 
should remember that input data to the CSC must be up- 
sampled to 4:4:4. If this is not the case, not only will 
the color-space transforms have no meaning, but the chip 
15 will lock. 

It should be noted that each output can be formed from 
any allowed combination of coefficients and inputs plus (or 
minus) a constant. Thus, for any given color-space 
conversion, the order of the outputs can be changed by 
20 swapping the rows in the transform matrix (i.e., the 
addresses into which the coefficients are written) . 

The CSC is guaranteed to work for all the transforms in 
Table C.8.1. If other transforms are used the user must 
remember the following: 
2 5 l)The hardware will not work if any intermediate result 

in the calculation requires greater than 10 bits of 
precision (excluding the sign bit) . 

2) The output of the CSC is saturated to 0 and 511. That 
is, any number less than 0 is replaced with 0 and any 

30 number more than 511 is replaced with 511. The 

implementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below 0. If the CSC is programmed incorrectly, then a 
common symptom will be that the output appears to 

35 saturate all (or most of) the time. 




645 



C.t.3 Description of the CSC 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three H components" have been shown 
because of space limitations. In the Figure, "register 11 or 
5 "R" implies a master-slave register and " latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UPI registers 
which are not shown explicitly in the Figure. To 
understand the operation, consider the following sequence 
10 with reference to the left-most "component" (that which 
produces output out_ dataO) : 

l)Data arrives at inputs xO-2 (in_data0-2) . This 

represents a single pixel in the input color-space. 

This is latched. 
15 2)x0 is multiplied by cOl and latched into the first 

pipeline register. xl and x2 move on one register. 

3)xl is multiplied by c02, added to (xl.cOl) and latched 

into the next pipeline register. x2 moves on one 

register. 

20 4)x2 is multiplied by c03 and added to the result of 

(3), producing (xl.cOl + x2.c02 + x3.c03). The result 
is latched into the next pipeline register* 

5) The result of (4) is added to c04. Since data is kept 
in carry-save format through the multipliers, this adder 

25 is also used to resolve the data from the multiplier 

chain. The result is latched in the next pipeline 
register. 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 

3 0 . saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner. 

Three multipliers are used, with the coefficients as the 
3 5 multiplicand and the data as the multiplicator . This 
allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 
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being routed across three paralle^-and identical datapaths, 
one for each output. 

To achieve the reset state described in Section C.9.2, 
each of the three "components" must be reset in a different 
5 way. In order to avoid having three sets of schematics and 
three slightly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it* 

10 Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept_r + 
lin_valid_r) . The CSC is, therefore, a 5-stage deep two- 
wire interface, capable of holding 10 levels of data when 

15 stalled. 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 
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SECTION CIO Output Controller 
C • 10 . 1 Introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 
•It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
by the vsync and hsync pulses and by programmed timing 
registers 

•It adds a border around the video window, if 
required 
C.10.2 Ports 

Input two wire interface: 

•in_valid 

• in_accept 

•in_data[23 : 0] 
Output two wire interface: 

•out_valid 

•out^accept 

•out_data[23 : 0} 

•out_active 

• out__window 
•out_comp[ 1:0] 
in_vsync, in_hsync 

nupdata [ 7 : 0 ] , upaddr[4:0], upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
pho, phi, notrsto, notrstl 
C. 10*. 3 Out Modes 

The format of the output is selected by writing to the 
opmode register. 
C. 10.3.1 Mode O 

This mode is 24-bit 4:4:4 RGB or YCrCb. Input data passes 
directly to the output. 
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10 



15 



20 



25 



35 



C. 10.3.2 Modes 1 and 2 

These modes present 4-20 vry-ru * 

v u u YCrCb. Assuming in datafn-ifii 

1. Y. m.d.t.t!,:,, is cr and in data[ 7 : o , is Cb 

C. 10. 3.2 .1 ModP y 

In 16-bit v CrCb , y is presented- on out dat aC 15:8i Cr 
and Cb are tin. multiplexed on out datafy.-O], cb f irs t 
Out_data[23:l6] is not used. 
C. 10. 3. 2. 2 Mode 2 

in 8-bit vcrcb. v.cr and Cb are ti„ «,ltipl.x.d on 

out_data t 7:o; in the order cb, V. Cr, V. Out data f 2.:8, is 

not used. ~ J 

C. 10.3.3 Output Timing 

The following registers sro llc .^ +. 

y ^^siers are used to place the data in a 
video display window. 

•vdelay - The number of hsync pulses following a vsync 
Pulse before the first line of video or border 
•hdelay - The number of clock cycles between hsync and 
the first pixel of video or border. 

•height - The height of the video window, in lines 
•width - The width of the video window, in pixels.' 
•north, south - The height of the border, respectively 
above and below the video window, in lines 
•west east - The width of the border, respectively, to 
the left and to the right of the video window, in pels. 
The minimum vdelay is zero. The first hsync is the first 
active line. The minimum value that can be programed into 
hdelay ls 2. „ ot ., however, that the actual delay from 

ln " SynC t0 thS fi " fc act -e output pixel is h delay + i 
cycles. r 

_Any edge of the border can have the value zero. The 
color of the border is selected by writing to the registers 
border_r, border_g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blank_r, blank_g and blank_b. Note that the multiplexing 
performed in output modes 1 and 2 will also affect the 
border and blank .components . That is, the values in these 
registers correspond with in_data [ 23 : 16 ] , in_data [ 15 : 8 i and 
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in_data [7:0]. 
C.10.4 Output Flags 

•out_active indicates that the output data is part of 
the active window, i.e., video data or border. 
5 •out^window indicates that the output data is part of 

the video window. 

•out_comp[ 1 : 0] indicates which color component is 
present on out_data [ 7 : 0 ] in output modes 1 and 2. In 
mode 1, 0=Cb, l=Cr . In mode 2, 0=Y, l=Cr , 2=Cb, 
10 c.io.5 Two-Wire Mode 

The two-wire mode of the present invention is selected 
by writing 1 to the two wire register. It is not selected 
following reset. In two wire mode, the output timing 
registers and sync signals are ignored and the flow of data 
15 through the block is controlled by out_accept. Note that 
in normal operation , out_accept should be tied high. 
c.io.6 Snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
20 c.io.7 Kov it works 

Two identical down-counters keep track of the current 
position in the display. "Vcount" decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
its terminal count. "Hcount" decrements on every pixel and 
2 5 loads on hsync or at its terminal count. Note that in 
output mode 2 # one pixel corresponds to two clock cycles. 
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SECTION C. 11 The Clock Dividers 

C.ll.l Overview 

Top-Level Registers in the present invention contain two 
identical Clock Dividers, one to generate a PICTURE_CLK and 
5 one to generate an AUDIO_CLK. The Clock Dividers are 
identical and are controlled independently. Therefore, 
only one need* be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divisor register is mapped into a different set of 

10 addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
divided clock frequency, with no requirement for an even 
mark-space ratio. 

The divisor is required to lay in the range -0 to 

15 -16,000,000 and, therefore, it can be represented using 
24bits with the restriction that the minimum divisor be 16. 
This is because the Clock Divider will approximate an equal 
mark-space ratio (to within one sysclk cycle) by using 
divisor/2. As the maximum clock frequency available is 

20 sysclk, the maximum divided frequency available is 
sysclk/2. Furthermore, because four counters are used in 
cascade divisor/2 must never be less than 3, else the 
divided clock output will be driven to the positive power 
rail . 

25 C.1X.2 Using a Clock Divider 

The address map for each Clock Divider consists of 4 
locations corresponding to three 8-bit divisor registers 
and one 1-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 

30 access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.10.1. The Clock 
Divider is activated by sensing a synchronized 0 to 1 
transition in its access bit. The first time a transition 

35 is sensed, the Clock Divider will come out of reset and 
generate a divided clock. Subsequent transitions (assuming 
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Clock D I 3lSO bea " altered) " l " -use the 

Once activated, there is no „ ay of hal * 
Divider other than by Chip RESET . 

Table c. 10 .l clock Divider Registers 



Address 


Roister 


00b 


access bit 


Olb 


cfiwsof MSB 


10b 




11b 


divisor LS8 



10 



15 



20 



used . 
C 



Any divisor value in the range 16 to 16,777,216 may be 



11.3 Description of the clock Divider 

The Clock Divider is impl emented as four 22 bifc counters 
which are cascaded such that as one counter carries it 
win activate the next counter in turn. A counter will 
count down the value of divisor/4 before carrying and, 
therefore, each counter will take it, in turn, to generate 
a pulse of the divided clock frequency. 

After carrying, the counter will reload with divisor/8 
and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
to be changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by a 
" different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/8 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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counters are clocked by diff erent * clocks dependent on the 
value of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
5 the PLL. 

C.11.4 Testing the Clock Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
10 by sysclk, as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and, 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 

The functionality of the Clock Divider is NOT guaranteed 
15 if CHIPTEST is held High while the device is running in 
normal operation. 
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SECTION C.12 Address Maps 

C.12.1 Top Level Address Map 

Notes : - 

DThe register for the Top Level Address Map as set 



forth in Table C.11.1 



are the names used during the 



design. They are not necessarily the names that will 
appear -on the datasheet. 

2) Since this is a full address map, many of the 
locations listed here include locations for test only. 



REGISTER NAME 



Address Sits 



0x0 



COMMENT 
Write 1 to reset 



0x1 



RAV 



0x2 



RAV 



0x4 



RAV 



j 3U.WACDR.ACCESS 


0x5 


1 


RAV- access ; 


j 5U.WADOR.CTL1 


0x6 


3 


R/W [ 


| 3U-0rS?A0DR_L!NHSjN_UVST.ROW0 | 0x8 


3 




! 3U.0lSPAD0R.UNSS_IN.UVST.ROWl 


0x9 


3 


RAV | 


j 3U_0iSPADDR.UNESjN.LAST.RCW2 


Oxa 


3 


RAV j 


1 3U.DISPA00R. ACCESS 


Oxb j i 


RAV* access | 


j 3U.DISPADDR.CTL0 


Oxc 


8 


RAV j 


| 3U.D1SPA0DR.CU1 | Qxd 


1 


RAV [ 


au.BM.ACCESS 


0x10 


1 


RAV- access J 


SU.8M.CT10 


0x11 


2 


RAV j 


BU.SM.TARGETJX 


0x12 


4 


RAV j 


3U_8M.PRES.NUM 


0x13 


8 


RAV-asynchronous 


3U.3M.THlS.PNUM 0x14 


8 


RAV J 


3U.3M_P!C.NUM0 0 xl5 J 


3 


RAV j 


5U.5M.PlC.NUMt 


0x16 8 


RAV » 


3u_3M_PlC_NUM2 


0x17 [ 8 


RAV ! 


3U.5M_T=MP.REr | 0x18 


S 


RO 



10 



Table c.ii.i Top-Level Registers A Top Level Address Map 









* | 3 its | CCmmSNT 




3U_AO0RG£N_KEYHOlE_AD0R„MS3 


0x23 


i ■ 


RAV- A^cress cenerarsr 




3U_AODRGEN_KEYHOLE.ADORJ.S3 


j 0X29 


8 


_J *eyhcie See 






3U_AD0RGEN_K£YHCLE_0ATA 


j 0x2a 


3 










1 Tabte C.:i 2 for contents 


i 


3UJ7_?AGE_START 


[ 0^30 


5 


RAV 


i 


HUJT_READ_CYCLE 


| 0x31 




RAV 


J 3UjTJWRIT5_CYCLS 


0x32 




j RAV 


i 5UJT_R=?R£SH_CYCIE 


0x33 " 




J RAV 




=L : j7_nAS_ r AtUN'G 


| 0x34 


i 4 


j RAV 


I 


=UJT_CAS_PALLtNG 


| 0x35 


4 


rav ; 


3UJT_CCNFIG 


0x36 


t 


RAV i 


3U.0C_ACC£SS 


0x40 


T 


RAV* access , | 


1 


SU.OC.MOOE 


j 0x41 


2 


RAV I 


| 3U_OC_2W!RE 


0x42 J 1 


RAV 1 


j 3LLOC_aORDER„R 


0x49 


8 


RAV 


i 




3U_OC_3OR0ER.G 


0x4a 


3 


RAV 




j 3U_OC_3OR0ER S 

t ~ 


0x4b 


8 


RAV 




3U_OC_3LANK_fl 


0x4<j 


8 


R/W 




j 3LLOC.3LANKJ3 


0x4a 


3 


RAV : 


j 3U_OC_3LANK_3 


0x4/ 


8 


RAV 


1 3U_OC_HDELAY_l 


0x50 


3 


RAV j 


j 3U_OC_HOSUY,0 


0x5 1 


• 


RAV 


j 3U.OC_WHST_1 


0x52 


3 


i 

RAV j 


j 3UJDCJA/ESTJ) 


0x53 


8 


— - ■ 1 

RAV j 


3U_OC_EA$TJ1 


0x54 


3 


RAV | 


SU.OC.EAST.O 


0x55 


8 


RAV | 


BLLOC_WlOTH_1 


0x56 


3 


RAV j 


SU_OC_WlDTHjD 


0x57 


3 


RAV j 


BLLOC_VDELAY_1 


0x58 


3 


RAV f 

i 


3U_OC_VDELAY_0 


0x59 


3 


RAV i 


3U_OCJMOflTH_1 


0x5a 


3 


RAV | 


t 3U_OC_NORTH_0 


0x55 


8 


RAV : 


i 3U_CC_SOUTH_1 j 


0x5c 


3 


RAV 


3U.OC.SOUTH_0 j 


0x5d 


8 


RAV 


a 


U_0C_HEIGHT_1 | 


0x5e j 


3 ! 


RAV 


3U_OC_HEIGHT_0 


OxSf 


8 


RAV ! 



Tatole .cii.i Top-Level Registers A Top 
Level Address Map (contd) 




j 3U_PLL.R6SiSTOHS 


0x7a J 8 


1 RAV 


BlLREFJNTERVAL 


0st7b 8 RAV ! 


BU.RSV1SI0N 


0xn 8 j HO revision i 


The following raters are in tne *test space", ~ " " j 

They are unlikely to appear on the datasheet ' 


BU_BM.PRES.FUAG 0x80 1 , 1 fvw 


SU_3M_EXP_TH 


0x81 | 


These registers are 
missing on rsvA 


BU_3M_T3_0ELTA 


0x82 j " 


9U_3M_ARH_IX 0 , 83 2 


_8U.9M.0SPJX 0x84 | 2 | w 


3U_3M_RDYJX 


0x85 2 | RAV 


SU_3M_3STATE3 


0*S6 | 2 | RAV 


3U_3M_3S7A7E2 


0x87 2 


RAV 


Table C.ll.l Top-Level Registers 


A Top Level 



Address Map (contd) 






, | » 

0x96 | 8 


3U_OA_CCMPt_SNP0 


0x97 | 3 


sU_OA_CCMP2.SNP3 


0x98 | 8 



21LCA_CCMP2_SNP2 



3U_Da_CGMP2_SNP1 



3U_OA_CCWP2_SNPO 



3U_UV_=UM1A_ADOR_t 



3U_UV_RAM 1 A.AOOR.O 



3U_JV_RAM1A_0ATA 



0x99 



0x9a 



0x9b 



OxaO 



Oxal 



*W • up i test access .r.:, 
J the verscal u-^ar-iofers' 



0xa2 



j 3U„UV.RAMtS.A00R_1 


Oxa4 


h 


1 RAWs 

•1 


| 3U.UV_RAM1B_AOOR_0 


OxaS 






| 5U_UV_RAM1B_0ATA 


0xa6 


8 


1 


j 3U_UV_RAW2A.AOOR.t 


OxaS 


a 




8U_UV.RAM2A_AODR_0 


0xa9 


h 




3U_UV_RAM2A_0ATA 


j Oxaa 






au_UV,RAM2B_A00R.1 


Oxac 


I 3 




SU.UV.RAM29.ADOR.0 


Oxad 


8 


i 


3UJJV_RAA*2S_DATA 


Oxae 


I 8 


J 


=U.WA_AD0R_SNP2 


OxdO 


! 9 


1 

RAV - snooper on tfie wnts i 


5U,WA,AC0R.SNP1 j 


Qxbt 


l« 


i 

address generator aacve&s • 


3U_WA_AODR_SNP0 


0x62 


i 8 
I 


= -JvVA_3ATA_SNP1 


OxM 




RAV * snooper on cara 


3U_WA_CATA,SNP0 


0x05 




output 0/ VVA 



Table c.ll.l Top-Level Registers A Top 
Level Address Hap (contd) 
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i REGISTER NAME 


1 Address 


Sits 


COMMENT 


i BU IF SNPO t 


j 0xo8 


h 


rVW • Three snocwrs cn- 


3U_iF_SN?0 0 


0x59 1 8 


trie drarnif ^ata ci/ruis. 


1 3UJ? SNPt 1 


j Oxoa 


8 




1 3U IF SMPt n 


Oxoo 


3 


j 


! 3n S?v*P? i 


Oxbc 


3 


i 




j Ox&d 


3 


1 


3U IFRAM Annp t 


OxcO 


1 


FVW - upi accsss .( Ram ■ 




Oxcl 


8 




BUJFRAM^OATA 


0xc2 


3 


t 


| 8U_OC_SNP_3 


0XC4 


3 


R/W • snooper on Cwtru: of j 


3U.OC_S.VP_2 


OxcS 


8 


i 


| 3U_CC_SNP_i 


OxcS 


3 




3U_CC_3NP_0 


0xc7 


8 




3U_YAPu_CONFiG 


OxcS 


• I 


PAY j 


3U_3M_FRONT_SYPASS J 


Oxca 


1 j R/W j 



Table C.ii.i Top-Level Registers A Top 
Level Address Map (contd) 



10 



C*12*1 Address Generator Keyhole Space 

Notes on address generator keyhole table: 

1) A11 registers in the address generator keyhole 
take up 4 bytes of .address space regardless of 
their width. The missing addresses (0x00, 0x04 
etc.) will always read back zero. 

2) The access bit of the relevant block (dispaddr 
or waddrgen) must be set before accessing this 
keyhole . 
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Table c.11.2 Top-Level RegistersA 
Address Generator Keyhole 



i 
i 

t 


! Keync-e 
j access 


t _ 


! 

Co.T.T-era 


| 5U_D!S?ACCR.3UF«RG_3ASE_\1S3 


i 0x0 1 


• 2 


13 


| 3U_D!5rAODR_3UFF==0_5ASE_M!D 


j 2x02 


i 3 




3u_DlSPADOR_3UFF==0_3ASE.-33 

i 


0x03 

I 


\ 3 
i 

i 


| Must&e 
J loaded 


1 3U_0lSPA00R_3UFFERl_3AS£_MSB 


OxOS 


i 2 


Musi 5e 


3U_DISPACDR.3UFFERI_3ASE.MID 


0x06 


! 3 


Loaded 


t 3U_0lSPADDB.BUFFERt_3ASE.L5B 


0x07 


1 3 




| 5U_0ISPA00R.3UFr5a2.3ASS.MSB 


0x09 


i 2 


Must be 


3U_OlSPADDR_SUFF=R2_3ASE_MIO 


0x0a 


! 8 


Loaded 


! 5U_01SPAC0R.BUFFER2_3ASE.LSB 


CxOtJ 


! 3 




3U_3LOPATH.LiNE0.MS3 


OxOd 


i 2 


Test oniy 


3U.OLCPATri_LiNE0.MIO 


OxOe 


I* ! 




3U_DLOPATHJJN£0_LS3 


cxcr 


is 1 




3U_0L0PA7H.LiNE1.MS3 


Oxtt 


i 2 ! 


Test cnly 


3U_0LDPATHJJNS1_MI0 


0x12 


i s 




3U_0LDPATH,LINEt_LSB 


0x13 


i 3 




3U.0LCPATHJJNE2.MS3 | 


0x15 




Test only 


3U_DLDPATH_UNE2_M!0 


0x16 


3 


i 


3U.0LDPATH_LINE2.LSB 


0xt7 


S 


■ 


3U.OLOPATHJ/BCNT0.MS3 


0x19 


2 j 


Test oniy 

i 


3U_OLOPATH_VBCNT0_MtO 


0x1a 


3 


i 

i 


3U_OLOPATH_V8CNT0_LS3 j 


0x10 


3 




3U_DL0PATH.VBCNT1 _MS3 l 


Oxld 


2 j 


Test cr.iy i 


5U_CLC?A7H_V8CNTl_MI0 * | 


Oxie ) 


3 ! 




3U_CLC?A7H_V3CN71_LS3 j 


OxH | 


3 j 




3U.0LDPATH_V8CN72.MS3 j 


0x21 j 


2 j 


Test or.ty 


3U 0L0PA7H VSCNT2.MI0 I 


0x22 I 


» i 




3U_0LDPA7H.V3CNT2.LS3 | 


0x23 ! 


3 1 





Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote Register Name 


Keyncie 

AdCfSSS 


t 

i Bus 

i 


\ 
1 

1 

i 




; Cx25 


! 2 


- Must :e 


- 


0x25 


| 3 


j Lcarec 


3U_D1SPADCR_CCMP0_QFpSc7_LS3 


0x27 


! 9 


i 


3U_CIS?ACCR_CCM?1.0r=5ST_MS3 


0x29 


! 2 


j Musi 


3U.C!S?ACCn.CCMP!_0P?3£7_Ml0 


0x23 


j 3 


! Leaded 


5U_D!S?ACCR_C0M? ! _CFF3E7_LS3 


0x2b 


i 3 


1 


3U_DiS?A0DR_CCM?2_OFrSS7_MS3 


0x2d 


1 2 


| Must :e 


3U_0lSPAO0n_CCMP2.OFPSHT.MlO 


0x2e 


3 


Leaded ! 


3U_0!SPACCR_CCMP2.OFP3ET.LS3 


0x2f 


3 


f 


3U_0iS?AOCR_CGMP0_V3S_MS3 


0i31 




Musi se ' 


! 3U 0lSPACC3_COMP0.V8S.MIO 


0x02 


9 


Loaded 


• 3U_ClSPAOCR_CCM?0_VB5.LS3 


0r33 


3 




j 3U.DISPA00R.CCMP1_V8S.MS3 


0x35 


2 


Must 5e J 


j 3U_0fSPA00R.COM? 1_VBS_MfD 


0x36 


6 


Loaded j 


3U_CIS?A0CR_C0MP1_VBS_LS3 


0x07 


3 




j 3U_0!S?AC0R.C0MP2_V8S.MS3 


0x39 


2 


Must 2e ; 


! 3U_DtSPA0DR_COMP2_V8S_MIO 


0x3a 


8 


i 

Leaded 


i 3U_0ISPAOOR_COMP2.VBS.LSB 


0x3b 


3 


i 
1 


| 3U_ADOR_COMP0_H8S_MSB 


0x3d 


2 


Must oe 


3U_AOOR.COMP0.HBS.M1O 


OrOe 


8 


Loaded 


BU.ADDR.COMP0.h3S.LS8 


0x3f 


3 


i 


SU.AOO R.COMP 1 .HSS.MSB 


0X4 1 


2 


Must ce | 


3U_A0OR.COMPl.H8S.MiO 


0x42 




Loaded \ 


3U_ ADOR.COMP 1 .HBS.LS8 


0x43 


3 




f 3U.ADOR.COMP2.HeS_MSB 


0x45 


2 


Must tie ; 


j 3U_AOOR_COMP2_H3S.MIO 


0x46 


9 


Loaded 


! SU_AODR_CCMP2_H3S_LSB 


0x47 


8 




j 3U.0JSPA00R_COMP0.HSS.MS8 


0x49 


2 


Must ce ; 


i 3U.0tSPAOCR_COMP0_HBS.MtD 


0x4a 


9 


Lcaced 


j SU_D!SPACCR.CCMPO_HSS.LSS 


0x4b 


a 


• 


. 5U_DISPACCR_C0MP1_HBS_MS8 


| 0x4d 


, 2 


Musi ce 


| 3U_D!SPA0CR_CCMP?.HBS.Mi0 


j 0X4« 


i 3 


Loaded 


| 3U_0iSPA00R_COMPl_HBS_LSB 


1 0x4f 


i 8 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhcie Pe^ister Name 

i 


t Kpvftmi* 

1 

t 

» ^caress 


] 3«ts 


t j 
1 - 

Ccr-rr.arts 
■ t 




i Cx51 


f 2 


^us; :e 


j 5U_0lSPACDR.COMP2_i-'53_MI0 


j Cx52 


I 3 




{ 3U_C!S?ADDR_C0MP2_H8SJ-S8 


0x53 


1 3 


t i 


8U_QlS?ACCR_CNT. i .L£FT0.MS8 


0x55 


! 2 


! Test cr.iy ; 


j S'J.ClSPACOR.CNT.LHrTO.MlO 


j 0x£5 


i 3 


1 

1 


j 3U_OlS?ACDR_CNT_LSFT0_LS3 


j Cx57 


' 3 


1 
f 


3U_u!S?A0CR.CNT_LEFTl_MS3 


j 0x59 


• 2 


Tesi cnty 


3U_DlS?ADDR_CNT_L£FTt_MlO 


0x5a 


I 3 


i 


3U_0fS?ADCR.CNT_LEFTl_LS3 


0x5b 


la 


- 

! ! 


3U_D!SPA00R_CNT_L=FT2_MS3 


: Cx5d 


1 2 


' .es; cmy 1 


3U_OiS?ADOR_CNT_LEFT2_MlD 


0x5€ 


; * 


! 

1 


| BU.CISPA0CR_CNT.USFT2.LSB 


0x5f 


! 3 


1 


3U_DIS?ACOR_PAGE_AOOR0_MS3 


0x61 


.' 2 


j 'es: Oniy ! 


BU.CfSPAOOR.PAGc.AOORO.MlO 


0x62 


i a 


1 1 


3U_0ISPA0DR_PAG£.A00RC.LS3 


0x53 


3 


i i 


3U.0tSPA0DR.PAGE_A00R1.MS3 


0x65 


! 2 


j Tes;cn,y : 


3U.DlSPA0DR_PAGS_A00R1_MID 


0x66 


1 3 


1 


2U.0lSPAC0R_PAGE.AO0Rl.LS3 


0x67 


3 


! ! 


3U_DIS?A00R.PAGS_AD0R2_MS3 


0x69 


2 


Test on:y j 


BU_0lSPAD0R_PAGE_ADDR2_Mt0 


0x6a 




i 


BU.0ISPA00R_PAGE.A00R2.LSB 


0x6b 


3 


i 


BU.0ISPAOOR.BLOCK.AO0R0.MS3 | 


0x6d 


2 


Tester:-/ 


3U.O!SPAOOR_BLOCK_AOORO.MIO | 


0x5e 


3 


• 


3U.D!SPA0OR_BLOCK_ADDR0.LSB j 


0x6f 






8U.OlSPAOOR_BLOCK_ADORl.MS3 [ 


0x71 | 


2 


Test Cnly 


BU.D!SPAD0R_3L0CK_ADDRt.Mt0 


0x72 


3 




3U.0iSPA00R.SL0CK.A00Rl.LS3 | 


0x73 


3 




3U_0ISPAD0R.3L0CK_A00R2.MS3 | 


0x75 ; 


2 


Test :r:y 


I 3U_0iS?AC0R.BLOCK.A00R2_MlO 


0x76 


3 i 




3U_CtS?A00R_9LOCK_A00R2_LS3 | 


0x77 1 


3 ! 




3U.0iSPADDR.SLOCKS_LEFT0.MS3 I 


0x79 | 


2 


Tes; z- > 


3U_0lSPAO0R_3LOCKS_LErT0_Ml0 j 


0x7a ! 


3 




| 3U_OiSPAOCR.BLOCKS.LEFT0.LS3 I 


0x75 | 


3 ! 
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Table CMi.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyftoie Register Name 


Keytiole j 
Address | 


3<« i 

V 


i 
i 

* i 

i 


j 3u_oispacor_2lc<:ks_le=ti_ms3 

j — _ — 


0x7d I 
i 


2 i 




3U_0iS?A00R_3LOCKS_:-E=T!_MlD 


0x7e | 


3 i 


i 
\ 
i 


3U.3ISPA00R.3LOCKS J.SrTI _LS3 


0x7f 


3 


! 


3U_0iS?A0CR_3LOCKS.-£FT2_MS3 


0x81 


2 


Tes; orfy 

1 


3U_r!S=ACDR.3LOCKS.L£FT2.M!0 


0x32 


3 




! 3U C'.SPAOCR 3L0CKS_L=F72_L$3 

i - " ........ 


0x63 { 


3 I 


1 


3U_WADOR_3UFFEnO_3ASE_MS3 


0x85 


2 1 

1 


Musi ze j 


3U_WA0DR_3UFFER0_3ASE_MlO 


0x86 


3 


t 

Loaded * 

! 


3U_WA00R_3UFFER0_3ASS_LSB 


0x87 


8 




1 3U_WACCR_3UFFER1_3ASE_MS3 


0x89 | 


2 


Must oe ! 


! 3U WACOR 3UFFER1 3ASE.M10 


0 x8a 


a 


Loaded 


J SU.WAuCR.SUrrERI.SASE.LSB 


0x6b 


3 




3U.WAC0R_3UrFER2_3ASE.MS3 


OxSd 


2 


Mus; | 


3U.WAOOR.3UFFER2_3ASE.MIO 


0x8e 


8 


Leaded } 

( 


3U_WAD0R_3UFFSR2.3ASS.LS3 


0x8f 


8 


1 


5U.WAOOR_COMP0_HM8AOOR.MS3 


QxSt 


2 


Test cnty f 


SU.WA00R_COMP0_HM8A00R_Ml0 


0x92 


8 


| 
t 


3 U _W A C DR_COMP0_HMSADOR_LSS 


0x93 


8 


! 
t 


5U.WAD0R.COMP 1 _HM8A00R_MSB 


0x95 


2 


Test oniy j 


3U.WA00R_COMP1.HMSA00R.MlO 


0x96 


3 


| 


3U.WA00R.C0MP 1 _HM8A00R.USS 


0x97 


8 


t 


3U_WAD0R.C0MP2.HMSA00R.MS3 


0x99 


h 


! Tesccny 
i 


3U WA0OR.COMP2.HMSA00R.M1O 


0x9a 


h 


\ 


! 3U WADDR.COMP2.HMBA00R.LS8 


0x9b 


1 8 


I 


3U WACOR COMPO.VMSAOOR.MSS 


0x9. 


2 


Test only j 


at: lAf ApnD i""*^itjtoo x/MSADDR MiO 


Qx9e 


8 | i 


3U_WADOR_COMP0.VMBAD0R.LS3 


Ox9f 


* ! 


3U_WACDR_COMP1_VM8AOOR.MS3 


Oxal 


2 


[ Test only 
i 


3U_WA00R_CCMP1.VMBA00R.MI0 


0xa2 


8 


j 

— t 


3U_WACDR_COMP1.VMBAD0R_LS3 


0xa3 


8 


| 


j 3U_WA0CR_C0MP2_VMBAD0R_MS3 


0xa5 


i* 


j Tes; criy 


! 3U WAOOR C0MP2 VMSAOOR.MfO 


0xa6 


l» 


1 


I ' - • 

I 3U WAOOR COMP2 VM8A0DR.LS3 


0xa7 


1 9 


i 
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Table c.ll.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhole Register Name 


Keynote 
- Adciress 


3<ts 


i 

Co rr;mer!_; \ 


5U_WACCR_VBACCR_MS3 


i 0xa9 


i 2 


1 act — n i 1 

j • - M _r.iy 1 


3U_WADOR_V3AD0R_MIO 


0x33 


i 9 




3U.WAOCR_VBA00R_LS3 


Oxab 


I S 


j 


3,tJ WADDfl CHkAPfi HA1 P WIDTH IN ftt OTK^ M<R 


flvart 

VAAU 


c 


Musi ce j 




Qxae 


0 


! : 

1 Loaded ; 


ait u/inr.3 r.*MLiDrt uai c lviotu im at rv^i^c i ea 

ww. W^UUn,, ^.flVnr'U_ >> rlM_r*_YYiy t n^tJN^BLUviNg LOO 


uxar 


1 P 

c 




a 1 1 w / a nn3 ^aijo » uai c u/iotu im at n^i/t uc^o 
dU^WAUUn_L,UMr i _n ALr.VYlu i n_ (N. 3LUwK5_M5S 


0xt)1 


2 


Must ee t 


SU.WADDR.COMP 1 .HALr_W!uTH_IN_SLQCK5_MlD 


0xc2 


8 


j 

Loaded j 


9U_WAODR.COMPl.HALr. W1D TH.iN.SL0CK5.LS3 


0xo3 


3 


i 


3U_WAC0R_COMP2_HALF_W!DTHJN.3LOCKS_MS8 


Ox&S 


2 


Mus; ! 

! 


3U.WAODR_COMP2_HAUF_WIOTHJN.8LOCKS.M10 


0x06 


3 


Leaded ! 


3U.WA0OR_COMP2_HALF_Wl0THJN_3LOCKS_LS8 


0xt>7 


3 


: 


3LI_WA0DR.HB.MSS 


Qxo9 


2 


Test cnty | 


3U.WA0DR.HS.MI0 


Oxoa i 


3 


i 
f 

t 


3U.WA0DR_HB.LS8 


OxDD | 


3 


t 
1 


3U _W A DDfl.COMPO.O FF S ET_MS 3 


Oxod 


2 


Mustoe I 


SU.WAOOR.CQMPQ.OFFSET.MID 


i 

Oxoe 


3 


i 

Loaded 


3U_WAODfl.COMP0_OFFSET_LSS 


Oxflf ] 


3 


• 


3U.WA00R _C0MP I.OFFSET.MSB 


I 

Oxd 


2 


Must oe | 

1 


BU.WAO0R.COMP1.OFFSET.MJ0 


0xc2 


S 


j 

Loaded 1 


SU.WADDR.COMP 1_OFF5ET_LSB 


0xc3 I 


3 


f 
1 


BU.WA00R_C0MP2.0FFSET.MSB 


OxcS 


2 


Must ce 1 


3U.W AO0fl_COMP2.OFFSET.Ml O 


OxcS I 


8 


Loaded j 


SU_WAC0fl_C0MP2_0FFSET_LSB 


0xfi7 I 


8 




■3U.WA0DR_SCRATCH.MSB 


Oxc$ 




Test only j 


SU.WAODR.SCRATCH.MJD 


Oxca | 


3 


f 

i 
i 


3U.WA0DR.SCRATCH.LSB 


Oxc, 


8 


1 
l 

1 


3U.WA0DR_MBS.Wr0E.MS8 


Oxed 


2 


Musi oe * 


3U.WA00R_M8S.WI0E_MI0 


Qxee 


3 


Leaded 


BU.WAC0R_M8S.W10E.LS8 


Oxd j 


3 




3U.WA00R_M8S.HJGH.MSa 


Oxdt 




Must re 


3U_WA00R_M8S.HIGH.M10 


Ox-2 


3 I 


Loaned 


3U_WA00R_MSS.HIGH.LS8 


0x_3 | 


3 
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Table en., Tcp- Level RegistersA 
Address Generator Keyhole 




eu_WAODH_CCMP2_UST.M8jN.RCWj.S8 


Oxdf 


6 


Loacec 


=u_/vauuh^c:wM?0_LAST^MB_'N_HALF_ROW_MS8 


Oxel 




! Musr ze 


yU_wAuurt_CCMP0.US7.MBjN_HALF_ROW MIO 


Oxe2 


i = 


i 

I Leaded 


^.vvAoUrt.CCMPO.UST.MBjN.HALF.ROW LS8 


0xe3 


3 




OU-WAUUH.CQMPI.UST.MBJN.HALF.ROW MSB 


| OxeS 


2 


Must 5e ; 


dU_WAUUH,COMP1_LAST_M8jN_HALr,ROW MID 


[ 0xe6 


8 


i 


dU>AUQH,r; OM p 1.UST.MB JN.HALT_RQW.LS 8 


f 0xe7 


I 3 


Loaced 


, 3U_WADCa.CCMP2.L*ST.M8JN.HA^ROW MSB 


0xe9 


(2 


Musi 2e ■ 


j 3U-WA0DR.COMP2.UST_M8jN.HALF.now MID 


Oxea 




i 


j 3U.WAOOR.COMP2.UST.MBJN.HALF.flOW LS8 


Oxeb 


8 


Loaded ; 


j 3U.WACDR_COMPO.UST_ROWJN.MB.MS8 


Oxed 


* i 


Mus; De J 


eU_WA0DB.COMP0.UST.ROW.iN_M8.MIO 


0xe« 


8 


Loaded t 


8U_WA00R.COMP0.UST_ROWJN_M8.LS3 


Qxet 


[ a i 


8U.WAC0R_COMP1_UST.ROW_IN.MB.MS8 


Oxft 


2 


Mus: De 


BU.WADOR_COMP1.UST_ROWJN.M8.MID 


0xf2 


8 


Loadeo 1 


8U.WAODR.COMP1.UST_ROW.IN.MB.LS8 


Ox*3 


8 I 


3U.WA00R.C0MP2.UST.ROW.IN.M8.MS3 


OxfS 


2 


Musi se ! 


3U _WA 0 0 R.COMP 2.UST.RO W.f N.M8.MI 0 


0rt6 


8 


Leased 


3U_WACCR_COMP2.UST_ROWJN_M8.LS3 


0xf7 j 


8 


3U_WADCR_COMPO_3LO:KS.='HR_MS.ROW_MS8 I 


Qxf9 


2 I 
I 


Mus; oe 


3U.WAC0R_CCMP0_BLOCKS_PcR_M8_ROW.MiO j 


Oxfa 


8 i 


Loaded 


3U.WA0OR_C0MP0.3LOCKS.?SR.M8_ROW_LS8 


Oxtb 


8 




3U.WACOR_COMPt.SLOCKS.PER_M8.ROW_MSB 


oxta | 




3U_WACCR.COMP1_3LOCKS,P£R.M8_ROW MfO ( 


Dxte I 


3 It 


.oaae£ 


3U.WACCR_C0MP1_3LCCKS.P£R.M8_R0W LS3 ( Qxff | 


3 ! 
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^ble c.ia.a Top-Level RegistersA 
Address Generator Keyhole 




Keyficie Register Name 



3U.WAQCH.CCMP2.3LCCK5.PE.q_MB SOW km 




Cia.3 Horizontal Upsa;npler and Color Space Converter 
Keyhole- • 
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Table C.11.3 H-Upsamplers and Cspace Keyhole Address Map 



Keyncie Register 
Name 


Xeyhcie 
Address 


Bits 


i 

Comment j 

! 


3UJJHG.AC0J j 


0x0 


5 


RAV^ Coeff 0.0 { 
1 


31LUHC_A0G_0 


0x1 


a 


1 


BUJJHO.AQtJ 


0x2 j 


5 


RAV- Coefi 0. l 


3UJJH0.A01J3 


0x3 | 


3 




3U.UH0.A02.t 




5 


RAV- Coeff 0,2 I 


8U.UH0_AC2.0 


0x5 


S 




3UJJH0.A03J 


0x6 


5 


RAV- Coeff 0.0 


3U_UH0_A03J) 


0x7 


8 




BU.UH0.A1 OJ 


0x8 


5 


RAV- Coeff 1.0 


BU_UHO - .A10_0 


0x9 


6 




BUJJHO_A11,1 


Oxa 


5 


RAV- Coeff 1,1 
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SECTION C.13 Picture Size Parameters 

C.13.1 Introduction 

The following stylized code fragments illustrate the 
processing necessary to respond to picture size interrupts 
5 from the write address generator. Note that the picture 
size parameters can be changed "on~the-f ly M by sending 
combinations of H0RI20NTAL_MBS , VERTICAL_MBS , and 
DEFINE__SAMPLING (for each component) tokens, resulting in 
write address generator interrupts. These tokens may 

10 arrive in any order and, in general, any one should 
necessitate the re-calculation of all of the picture size 
parameters. At setup time, however, it would be more 
efficient to detect the arrival of all of the events before 
performing any calculations* 

15 It is possible to write specific values into the picture 

size parameter registers at setup and, therefore, to not 
rely on interrupt processing in response to tokens. For 
this reason, the appropriate register values for SIF 
pictures are also given. 

20 2 Interrupt Processing for Picture Size Parameters 

There are five picture size events, and the primary 
response of each is given below: 
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if (. w ^s_ev«r.if 

loadtnbs.widel ; 
else if {vris_ev*r-t> 

I cadi r:\bs_hi . 
else if (def_sa.-rpO_ever.cJ 
{ 

lead (maxhSt:: } : 
load tnvaxvbf ? ; 

} 

else if (def_sa.Tpl_evenc) 

( 

load {nvaxhMHJ; 
load (tr-axvbti; J : 

} 

else if idef„sa.Tp2_ever.t} 

( 

load (r^x-^bU} ) ■ 
load fxaxvbf 2 f J 

} 



In addition, the following calculations are necessary to 
retain consistent picture size parameters: 

if (h*T,£s_<v«nc j | vrris^evenc | [ 

de£_sat^pO_evenc| | def.saspl.ever.c J I d*f - sa.-=?2_*v-r.z i 

[ 

hisa) - addr^-bstii * {r^xiibt i] *1J * xhs^yxii: 
haif^vidih.iri.blcclcsUI = {(iaaxhb(il*ll * ris>-:iew:, 
last^-b_in_rcv(i] * hbsti] - tnutxftb t i! *U ; 
las-„r^_ir^alf^rcwU! * half.vid^.ifOiccfcs { - 1 - 

lasclrow.in_sb(il * hbsii! * naxvbfil ; 
bloc**s_p*r.jab_rovm « lait.rov.i.i.mbtiJ * ^s£-: 
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Although it is not strictly necessary to modify the 
dispaddr register values (such as the display window size) 
in response to picture size interrupts, this may be 
desirable depending on the application requirements. 
5 C.13,3 Register Values for SIF Pictures 

The values contained in all the picture size registers 
after the above interrupt processing for an SIF , 4:2:0 
stream will be as follows: 
C, 13. 3.1 Primary Values 

3U_WADCR.MBS.WI0E = 0x16 
3U_WAD0R.MBS.HIGH = 0x12 
3U_WADOR_COMP0_MAXHB = 0x01 
3U.WAQDR_COMP1_MAXHB - 0x00 
3U_WADOR_COMP2_MAXHS - 0x00 
3U.WADDR.COMP0.MAXVB = 0x01 
3U.WADDR.COMP1.MAXVB - 0x00 
BU.WADOR.COMP2.MAXVB = 0x00 

10 C. 13.3*2 Secondary Values - After Calculation 

3U.WADDR_COMP0.HBS - 0x20 
8U.WADDR_C0MP1.H3S = 0x16 
3U.WADDR.C0MP2.HBS = 0x16 
BU_ADDR.COMP0.H3S - 0x2C 
BU_ADDR.COMP1.HSS = 0x15 
3U.ADDR.COMP2.H3S = 0x16 

3U_WADDR.COMP0_HALF.WIDTH.IN.3LOCK3 = Cx:5 
aU.WADDR.COMPl.HALF.WlDTH.IN.SLOCKS = CxC3 
BU.WADDR.COMP2.HALF.WIDTH JN.BLOCKS = 0x03 
BU.WADDR.COMP0.LAST_MBJN.ROW = 0x2A 
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BU_WADDR_C0MP1_LAST_MB_IN_R0W = 0x1 5 
BU_WADDR_COMP2_UST_MB_IN_ROW = 0x15 
BU_WADDR_COMPO_UST_MB_IN_HALF_ROW = 0x14 
BU_WADDR_COMP1_LAST_MB_IN_HALF_ROW = OxOA 
8U_WA0DR_COMP2_LAST_MB_IN_HALF_R0W = OxOA 
BU_WAODR_COMP0_LAST_ROW_IN_MB = 0x2 C 
BU_WADDR_C0MP1_LAST_R0W_IN_MB = 0x0 
BU_WADDR_C0MP2_LAST_R0W_IN_MB = 0x0 
BU.WAODR_COMP0_BLOCKS_PER_MB_ROW = 0x58 
BU_WADDR_C0MP1_BL0CKS_PER_MB_R0W =0x16 
BU_WADDR_COMP2_BLOCKS_PER_MB_ROW =0x16 
BU_WADDR_COMP0_LAST_MB_ROW = 0x508 
BU_WADDR_C0MP1_|_AST_MB_R0W = 0x176 
BU_WADDR_COMP2_LAST_MB_ROW = 0x176 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations. 

Note that additional Figures, which are self explanatory 
to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 




672 

The af oredescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having an input, an output and a plurality of 
processing stages between the input and the output, the 
5 plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/ or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 

10 selected stages in the pipeline for control data and/or 
combined control-data functions among the processing 
stages, so that the processing stages in the pipeline* are 
afforded enhanced flexibility in configuration and 
processing* In accordance with the invention, the 

15 processing stages may be configurable in response to 
recognition of at least one token. One of the processing 
stages may be a Start Code Detector which receives the 
input and generates and/ or converts the tokens. 

The present invention also relates to an improved 

20 pipeline system having a spatial decoder system for video 
data including a Huffman decoder, an index to data and an 
arithmetic logic unit, and a microcode ROM having separate 
stored programs for each of a plurality of different 
picture compression/decompression standards, such programs 

25 being selectable by a token, whereby processing for a 
plurality of different picture standards is facilitated. 
The present invention may also include tokens in the form 
of a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA 

30 token, a PICTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a COD I NG_J3T AND ARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 

35 standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 
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an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled. 
Also in accordance with the invention , a processing stage 
receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
to pass an arbitrary number of bits through the buffer. 
The present invention also relates to a data stream 
including run length code, and an inverse modeller means 
active upon the data stream from a token for expanding out 
the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values* The invention also includes an inverse 
modeller stage, an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
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Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
5 Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
10 number. 

The improved system includes a multi-standard video 
decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine. Control tokens and DATA 

15 Tokens pass over the single two-wire interface for 
carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
recognizing certain of the tokens as control tokens 
pertinent to that stage and for passing unrecognized 

20 control tokens along the pipeline. Reconfiguration 
processing circuits are positioned in selected stages and 
are responsive to a recognized control token for 
reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 

25 circuitry and processing techniques are disclosed for 
implementing the system. 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 

3 0 departing from the spirit and scope of the invention. 
Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 



